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SUMMARY 


Foiir  different  foil-laminated,  flexible  film  materials,  potentially  suitable 
for  packaging  and  heat  processing  of  foods,  were  investigated  with  respect  to  the 
migration  of  film  residues  into  the  food  during  heat  processing.  Specific  objectives 
of  the  investigation  were: 

(1)  To  determine  the  anrunts  of  film  extractives  which  migrate  into  food 
simulating  solvents, 

(2)  To  determine  the  natvu*e  and  source  of  any  extractives  found, 

(3)  To  determine  the  amounts  of  volatile  extractives  which  may  be  lost  in 
the  determination  of  solvent  extractives, 

(4)  To  develop  methods  for  determining  film  extractives  in  fats  or  oils 
after  high  temperature  extractions  of  the  films  by  fat  and, 

(5)  To  establish  a  correlation  betwesn  the  amoimts  of  solvent  extractives 
obtained  at  150  °F.  to  the  amounts  of  fat  extractives  obtained  at  the  highest 
temperatiires  compatible  with  the  films. 

Extraction  methods  used  and  results  obtained  are  presented  for  n-heptane 
and  water  film  extractions  made  at  several  extraction  conditions.  The  effects 
of  extraction  time  and  temperatiires  and  extraction  procedure  variations  are 
presented.  Similarly,  methods  and  results  in  determining  volatile  extractives 
are  given.  Results  are  also  presented  on  evaluations  of  microscopic  alterations 
in  film  structure  following  solvent  extractions. 

Several  procedures  for  determining  film  extractives  in  fat  were  evaluated 
and  general  results  of  these  trials  are  presented.  Specific  results  on  deter¬ 
minations  of  film  extractives  in  high  temperatiu^  fat  extracts  are  given  and 
the  corresponding  comparisons  of  solvent  and  fat  extraction  resxilts  are  shown. 


1.  imODUCTION: 


Fltxlbl*  p«ek«tiQf  containers,  whan  axposad  to  conditions  of  food  proeasslng  and/or 
starlllsatlon  of  foods  thareln.  are  subject  to  algratlon  or  leaching  of  packaging  coo* 
ponents  into  the  food.  This  project  is  concerned  with  thfs  potential  migration.  More 
specifically,  this  study  is  concerned  with  evaluating  portions  of  existing  test  procedures 
used  for  determining  this  migration  of  packaging  substances.  Particular  reference  is  made 
to  migrations  at  high  temperature  processing  conditions  and  notably  with  foods  or  simulated 
foods  having  high  fat  contents. 

Federal  Regulation  safety  requirements  for  polymeric  food  containers  such  as  flexible 
packaging  films,  are  specified  in  Section  121. '*314  of  the  Federal  Food,  Drug  and  Cosmetic 
Act.  The  test  methods  outlined  in  this  section  are,  in  part,  the  subject  of  this  study. 
Particular  emphasis  is  given  to  development  of  methods  to  correlate  tbe  amount  of  film 
extractives  obtained  with  simulated  foods  (solvents)  and  the  amounts  obtained  with  fats 
or  fat  and  water  emulsions.  Specific  objectives  s/f  the  project  Include: 

(a)  Determine  the  total  amount  of  extractable  materials  from  specific  packaging 
films  by  selected  solvents  at  selected  conditions  of  extraction. 

(b)  Determine  the  nature  and  source  of  any  extractables  found  in  objective  (a). 

(c)  To  evaluate  the  possible  losses  of  volatile  extracted  fils,  materials  during 
the  determination  of  solvent  extractives.  If  losses  are  evident,  develop  procedures  to 
quantitate  such  losses. 

(d)  To  develop  methods  for  determining  extractives  from  films  by  fat  when  the  fat 
has  been  in  contact  with  the  packaging  films  at  conditions  of  high  temperature  processing. 
(The  same  films  as  in  objective  (a)  to  be  used.) 

(e)  To  establish  the  ratio  between  the  extractability  of  solvents  at  given  condi¬ 
tions  of  extraction  to  the  extractability  of  fats  at  conditions  more  rigorous  thar  for 
solvents.  (Fat  extractions  to  be  the  highest  temperature  compatible  with  the  film  under 
test. ) 

II.  EXTRACTIONS  BY  FOOD  SIMULATING  SOLVENTS: 

A.  Introduction 

All  film  materials  included  in  this  study  were  extracted  according  to  Section 

121.2514  of  the  Federal  Food,  Drug  and  Cosmetic  Act,  Test  Conditions  A  (1).  Normal 
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htpt«n«  and  water  ara  tha  aolvanta  apaclflad  In  Chasa  axtraction  taata  and  tha  procaduras 
used  for  carrying  out  the  oiechanlca  of  extraction  are  esaentlally  the  aaine  for  both  sol¬ 
vents.  In  addition  to  the  stated  Section  121.2514  aethoos.  all  films  were  extracted  with 
modified  temperature  conditions  to  increase  extraction  yields.  Extractions  so  made  were 
sought  for  further  qualitative  studies  of  the  residues.  Extractions  with  other  variations 
in  Section  121.2514  parameters  were  also  made  to  study  effects  of  extraction  variables  and 
equipment  or  apparatus  used. 

Only  supported  films  (films  applied  to  aluminum  foil)  are  included  in  this  study 
and  therefore,  a  single  extraction  method  for  this  one  type  of  sample  was  desired.  Initial 
consideration  was  given  to  only  two  extraction  procedures  --  extraction  cells  and  pouch 
extractions  (extracting  solvent  sealed  within  a  film  pouch).  Of  these,  only  pouch  extrac¬ 
tions  were  used  for  a  number  of  reasons:  Karel  and  Wo,^’n  (2)  reported  solvent  losses 
using  extraction  cells  with  laminated  films.  Leaking  pouches  are  more  readily  discerned 
and  evaluated  than  cells.  Also,  the  possible  contamination  from  cell  spacers  and/or 
gaskets,  particularly  at  high  temperature  extractions,  are  eliminated  witn  pouches.  Addi¬ 
tionally,  many  more  extractions  in  a  given  time  period  are  possible  with  pouches.  Cell 
extractions  are  equipment  limited.  Finally,  the  pouch  system  is  a  more  realistic  approach 
since  the  ultimate  food  packaging  use  for  these  films  would  be  in  pouch  form. 

The  extraction  procettare  used  throughout  this  study  involves  heating  selected 
solvents  sealed  within  a  pouch  of  the  film  under  test  at  specific  temperatures  for  a 
specific  period  of  time.  The  solvent  is  then  cooled,  removed  from  the  pouch  and 
evaporated  off.  Extracted  residues  remaining  are  determined  gravimetrically. 

The  chloroform  soluble  residue  tests  of  Section  121.2514  methods  were  not  per¬ 
formed  with  any  film  residues  obtained  in  this  study  since  all  films  gave  total  residues 
considerably  lower  than  acceptable  limits  established  by  the  Food  and  Drug  Administration. 

B.  Equipment  and  Procedures 

1.  Packaging  Films 

A  number  of  supported  film  and  film  combination  samples  were  obtained  for 
screening  and  selection  of  experimental  samples.  All  were  obtained  directly  from  the 
film  manufacturers  or  from  intermediate  contract  laminating  firms.  Screening  was  done 


to  d«t«roln«  th«  applicability  of  thaia  fllaa  to  high  taapcratur*  proctaalog.  In  all, 
ten  film  materlala  were  screened  In  two  ways: 

(a)  1x4  inch  strips  of  each  film  were  cut  and  suspended  in  a  300* F. 
vegf cable  oil  bath  for  periods  of  from  20  minutes  to  2  hours  and  visually  observed  at 
10  minute  intervals. 

(b)  1x4  inch  strips  of  each  film  were  cut  and  suspended  in  a  300*F 
dry  oven  for  20  minutes  and  visually  observed. 

From  screening  results  obtained  and  also  to  obtain  additional  data  on  some 
films  not  screened,  principals  of  this  contract  and  representatives  of  the  Fedetal  Food 
and  Drug  Administration  selected  four  films  for  initial  extractive  investigations.  These 
are  listed  below  with  the  contractors'  source  of  supply. 

(a)  Lexan  Polycarbonate  *  A  co-polytaer  resin  of  p, p'  isopropylidece  diphenol 
and  carbonyl  chloride,  loanufactured  by  General  Electric  Co.,  Pittsfield,  Maes.,  and  lami* 
nated  by  Reynolds  Aluminum  Co.,  Richmond,  Va. 

(b)  Rllsan'Nylon  11  -  A  condensation  polymer  of  11-amino  undeconoic  acid 
manufactured  by  May  Industries,  Atlanta,  Ga.,  and  laminated  by  Reynolds  Aluminum  Co... 
Richmond,  Va. 

(c)  Kodar  Polyester  -  A  mixed  polymer  of  1,4-cyclohexylene  dimethylene 
terephthalate  and  1,4-cyclohexylene  dimethylene  isophthalate  manufactured  by  Eastman 
Chemical  Products,  Kingsport,  Tenn.,  and  laminated  by  G.T.  Schjeldahl  Co.,  Northfield, 
Minn. 

(d)  Aclar-Fluorocarbon  (not  Included  in  initial  screening)  -  A  co-polymer 
of  chlorotrlf luoroethylene  and  vinylidene  fluoride  manufactured  by  Allied  Chemicals, 
Morristown,  N.J.,  and  laminated  by  G.T.  Schjeldahl  Co.,  Northfield,  Minn. 

Evaluation  of  the  Aclar-Fluorocarbon  film  obtained  was  discontinued  early 
in  the  study  when  it  failed  repeatedly  in  several  initial  experiments.  It  is  not  knom 
if  this  is  peculiar  only  to  the  sample  obtained.  It  was  replaced  fn  the  experimental 
trials  with  another  fluorocarbon  film  identified  as  follows: 

(e)  FEP  Teflon-Fluorocarbon  -  A  completely  fluorinated  ethylene-propylene 
co-polymer  manufactured  by  E.I.  du  Pont  de  Nemours,  Wilmington,  Del.,  and  laminated  by 
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G.T.  Schjcldahl  Co.,  Korthfield,  Minn. 

All  films  studied  were  2  mils  thick  and  were  applied  to  0.35  ftuge  aliuni- 

num  foil. 

Other  films  screened  but  not  included  in  additional  studies  were: 

1.  Milprint  Combinaticr.  >  Polypropylene  inside,  mylar  outside,  foil  between. 

2.  Dow  Combination  1302  ~  Polyvinyl  inside,  outside  unknown,  foil  between. 

3.  Schjeldahl  Capron  Cylnn. 

4-  Dow  Combination  •  Polyethylene  inside,  mylar  outside,  foil  between. 

S.  Dow  Conbinaticn  •  Polyethylene  inside,  "aquatuf"  outside,  foil  between. 

2.  Extraction  Solvents 

(a)  Water 

The  water  used  in  all  extraction  procedures  was  demineralised  and 
double  distilled.  The  demineralizer  used  was  a  Bamstead  Model  FR-2,  anion  and  cation, 
do’tble  bed  system  and  the  first  distillation  was  through  a  Bamstead  Model  ELQ  automatic 
still.  The  second  distillation  was  through  an  all  glass,  laboratory  still.  All  water 
used  had  a  conductivity  of  less  than  0.4  micromhos. 

Blank  residue  determinations  were  made  on  this  water  and  the  total 
residue  was  found  to  be  2.0  +0.1  mg/liter. 

(b)  n-heptane 

All  heptane  used  for  extractions  was  Fisher  Certified,  Spectro  analyzed 
n-heptane.  Residue  blank  determinations  showed  residues  of  0.6  mg/liter. 

3.  Procedure  for  Preparing  Pouches 

(a)  Equipment 

1.  Robot  Model  RT-I,  air  operated  Jew  5>ealer  manufactured  by  Pack* 

Rite  Machines,  Milwaukee,  Wise.  This  sealer  was  used  both  with  3/4  inch  wide  flat  bar 
jaws,  teflon  coated,  and  curved  surface  jaws  diagrammed  in  Figure  1.  The  curved  surface 
jaws  were  patterned  after  the  study  of  Christie,  Bolze  and  Medved  (3). 

2.  Thermal  Impulse  Heat  Sealer,  Model  14A,  manufactured  by  the 
Vertrod  Corporation,  Brooklyn,  New  York. 


3.  Scott  Tenall  Strength  Teeter.  Model  J*l.  asenufectured  by  Scott 
Testers  Inc.,  Providence,  R.I. 

(b)  Pouch  Preperetion 

Pouches  were  formed  by  overleying  2  sized,  rectenguler  pieces  of  film 
(foil  side  out)  end  heet  seeling  three  edjoining  sides  in  the  Robot  sealer.  Following 
careful  measurement  of  the  exposed  internal  surface,  a  specific  volume  of  solvent  (water 
or  heptane)  was  placed  in  the  pouch.  The  fourth  side  was  then  sealed  after  compressing 
the  pouch  to  exclude  the  maximum  amount  of  air. 

A  constant  solvent  volume  to  total  exposed  film  surface  area  of  2  ml/ 
in^  was  maintained  in  all  extractions  (water  and  heptane)  except  in  special  trials. 

Volumes  of  0.5,  1.0  and  1.5  ml/in^  were  used  in  these  limited  experiments  with  water  only. 
Solvent  weights  for  each  pouch  were  calculated  from  the  density  and  volume  of  the  solvent 
used. 


Pouch  sizes  of  4.5  x  6.5  Inches  and  3.5  x  5.5  inchei?  were  used  through^ 


out.  The  latter  sized  pouch  was  used  with  some  extractions  of  Kodav-Polyester  and  Teflon- 
Fluorocarbon  films  whose  heat  seals  tended  to  rupture,  part  or  crack  during  elevated  tem¬ 
perature  extractions.  These  smaller  pouches  were  seeled  within  a  Mylar-foil  laminated 
pouch  for  these  high  temperature  extractions  which  gave  sufficient  resistance  to  internal 
pouch  pressure  to  prevent  seal  rupture. 

The  most  satisfactory  heat  sealing  conditions  found  for  the  films  used 
in  this  study  are  shown  below. 


Sealing  Variables  for  Curved  Bar  Sealer 


Film  Material 

Jaw  Pressure 
(P*ig) 

Jaw  Temperature 

Cf.) 

Dwell  Time 
(seconds) 

Ac lar-F luorocarbon* 

20 

400 

2.0 

Rodar-Po lyes ter 

15 

465 

0.5 

Lexan-Po lycaroooate 

50 

420 

3.0 

Rilsan-Nylon  11 

60 

450 

0.5 

Tef lon~F luorocarbon 

15 

495 

0.5 

Mylar-Overwrap  Pouch 

40 

325 

1.0 

*Reat  seals  obtained  were  significantly  weaker  relative  to  all  other  films  shown. 
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4.  Extraction  Procadurcc  at  150*F.  Haptana  Solvant  Only 

(a)  Equlpaent 

A  ainple  water  filled  20  quart  cooking  vessel  was  used  as  a  source 
of  heat.  This  vessel  was  placed  on  a  variable  temperature  electric  hot  plate  which  was 
controlled  to  40.S*F.  with  a  Minneapolis  Honeywell  Versa-Trans  Relay  and  Thermistor 
Sensor.  Bath  agitation  was  provided  by  a  variable  speed  laboratory  stirrer.  A  wire 
rack,  completely  ionersed  in  the  bach,  and  capable  of  holding  17  pouches,  was  used  to 
separate  Che  pouches  from  each  other  during  extraction. 

(b)  Method 

The  bath  was  filled  with  tap  water  at  8C*’F.  The  wire  rack  containing 
the  heptane-filled  pouches  were  immersed  and  heating  begun.  When  the  bath  attained 
150*F.  (in  15  +2  minutes),  timing  was  begun  and  the  temperature  was  maintained  at  150*F. 
for  2  hours.  The  rack  of  samples  was  then  removed  from  the  bath  and  the  sample  pouches 
were  allowed  to  cool  to  room  temperature. 

Each  pouch  was  carefully  Inspected  for  leaks  and  dried  thoroughly 
on  the  outside  with  a  lint  free  towel.  A  comer  of  each  pouch  was  snipped  off  with  a 
scissors  and  the  solvent  drained  through  Whatman  number  42  filter  paper  into  a  clean  400 
ml  beaker.  Filtering  was  done  to  remove  lint  present  on  all  film  surfaces  when  received. 
Four  pouches  were  composited  to  make  one  sample.  The  replicate  sample*  were  covered 
loosely  with  clean  aluminum  foil  to  exclude  dust  contamination  and  evaporated  on  a  steam 
bath  to  approximately  100  ml.  The  extract  was  then  transferred  quantitatively  to  a  clean, 
tared  platinum  dish,  evaporated  to  2-3  ml  on  a  low  temperature  hot  plate  and  finally  dried 
in  a  lOO^C.  oven  for  30  minutes.  The  platinum  dishes  were  cooled  in  a  desiccator  for  30 
minutes  before  weighing  the  residues  to  the  nearest  0.1  mg.  The  total  extracted  residues 
were  calculated  as  milligrams  per  square  inch  of  pouch  surface  and  as  ppm  of  solvent 
weight  used  for  extraction. 

(c)  Variations  in  Method 

1.  To  evaluate  the  amount  of  extractives  obtained  as  a  function  of 
extraction  time  and  also  to  provide  additional  extractive  materials  for  qualitative 
identification,  four  films  were  alsc  extracted  as  described  above  except  that  the  total 
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excrAction  ciae  vm  extended,  frotn  2  houra  to  16  boura. 

2.  To  evaluate  the  poaaible  loaaea  of  extracted  reaiduea  In  glaaa 
evaporation  containers,  solvent  was  evaporated  as  described  above  and  also  by  performing 
all  evaporations  from  tared  platinum  dishes.  Additionally,  comparative  evaporations 
were  made  where  all  evaporation  steps  were  done  entirely  in  glass  containers  Results 
of  these  trials  are  shown  in  Table  V  and  are  discussed  in  the  results  section  below. 

5.  Extraction  Procedures  at  250*F.  or  Above 

According  to  Test  Conditions  A,  Section  121.2514  of  federal  regulations, 
only  extractions  with  water  are  required  at  250*F.  In  this  study,  extractions  with 
n-heptane  were  also  made  at  these  elevated  temperatures  to  purposely  increase  heptane 
extraction  yields.  Heat  processing  during  extractions  were  essentially  the  same  for 
both  solvents.  Post-heat  processing  procedures  were  slightly  different  for  water,  and 
these  are  described  below.  Heptane  extracts  were  treated  exactly  as  previously  described 
for  150*F.  extractions. 

(a)  Equipment 

A  vertical,  water  filled,  pressure  retort  was  used.  This  retort  is 
equipped  with  a  steam-water  heat  exchanger  and  a  high  speed  circulatory  pump  as  a  source 
of  heat  5md  cooling.  It  also  has  a  compressed  air  inlet  for  superimposing  an  internal 
air  pressure  in  excess  of  retort  water  vapor  pressure.  The  retort  is  capable  of  main¬ 
taining  controlled  extraction  studies  up  to  temperatures  of  400*F.  and  15C  psig  pressure 
with  controllable  limits  of  +2.5*F.  at  250*F.  Its  size  and  perforated  aluminum  pouch 
holding  racks  permit  simultaneous  extractions  of  81  pouchec  per  run. 

(b)  Method 

The  solvent  filled  pouches  (water  or  heptane)  were  placed  in  the 
pouch  holding  racks  of  the  retort  which  is  then  filled  with  water.  The  domed  cover  was 
then  clamped  down  and  10  psig  air  pressure  admitted.  Heating  was  then  begun  by  cir¬ 
culating  the  retort  water  through  the  steam-heated  exchanger.  When  the  temperature 
reached  its  desired  level,  steao  to  the  heat  exchanger  was  reduced  and  regulated  to 
maintain  a  constant  temperature  for  the  time  desired.  At  the  end  of  the  heating  cycle, 
steam  in  the  heat  exchanger  was  replaced  with  cold  water  to  cool  the  retort.  When  the 
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retort  water  temperature  cooled  to  80®F.,  the  superimposed  air  pressure  was  vented  and 
the  system  opened.  The  retort  water  was  then  drained  and  the  pouches  removed.  A  typical 
heating  and  cooling  curve  for  a  25i/‘F.  water  extraction  is  shown  in  Figure  2. 

Following  heat  processing  each  pouch  was  carefully  inspected  for  leaks 
and  dried  thoroughly  on  the  outside  with  a  lint  free  towel.  A  comer  of  each  pouch  was 
snipped  off  with  scissors  and  the  water  drained  through  Whatman  number  1  filter  paper 
into  a  clean  400  ml  beaker.  Four  pouches  were  composited  to  make  one  sample.  Replicate 
samples  were  covered  loosely  with  clean  aluminum  foil  and  evaporatec  on  a  low  temperature 
hot  plate  to  approximately  100  mi.  The  extract  was  then  transferred  quantitatively  to  a 
clean,  tared  platinum  dish,  evaporated  further  on  a  low  temperature  hot  plate  to  2-3  ml 
and  finally  dried  in  a  100*C.  oven  for  30  minutes.  The  platinum  dishes  weit  cooled  in  a 
desiccator  for  30  minutes  before  weighing  the  residues  to  the  nearest  0.1  milligram. 

The  total  extracted  residues  were  calculated  as  milligrams  per  square  inch  ot  pouch 
surface  and  as  ppm  of  solvent  weight  used  for  extractions. 

(c)  Variations  in  250*F.  Method 

1.  Water  Extractions 

To  evaluate  the  amount  of  extractives  obtained  as  a  function  of 
temperature  and  also  to  provide  additional  extractive  material  for  qualitative  identi¬ 
fication,  all  films  were  also  extracted  as  described  above  except  that  the  extraction 
conditions  were  275‘’F.  for  2  hours. 

2.  Heptane  Extractions 

Both  elevated  temperatures  and  extended  extraction  times  were 
used  for  heptane  extractions,  primarily  to  increase  extraction  yields.  Increased  yields 
were  desired  both  to  confirm  identifications  of  residues  obtained  at  lesser  concentra¬ 
tions  and  to  obtain  residue  samples  for  use  in  method  development  on  recovering 
extractives  from  fat. 

6.  Infrared  Analyses  of  Residues 

Residues  of  all  films  examined,  obtained  by  both  heptane  and  water 
extractions,  were  analyzed  b>  infrarea  spectrophotometry  for  qualitative  identification. 
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All  analyses  were  made  on  a  Beclonan  IR-4  spectrophotometer  in  KBr  pellets.  Additionally, 
both  transmission  and  Attenuated  Total  Reflectance  Spectra  were  obtained  on  samples  of 
each  film  that  were  physically  delaminated  into  foil  and  adhesive-film  moieties-  Infra¬ 
red  transmission  spectra  were  also  obtained  on  samples  of  each  film  before  laminating  to 
foil. 

7.  I-licroscopic  Examination  of  Extracted  Films 

All  films  included  in  this  study  were  examined  microscopically  ucfcr**  and 
after  solvent  extractions.  A  Bausch  and  Lomb  Model  LI  Polarizing  Microscope  was  used. 

Foil  laminations  were  removed  prior  to  examination  by  immersing  the  laminated  films  in 
10?  HCl  to  dissolve  the  foil  followed  by  thorough  water  washing.  (NaOH  immersion  was 
used  for  Rilsan  films  as  HCl  treatment  followed  by  water  washing  tiimed  the  film  opaque.) 

All  microscopic  samples  were  cut  from  the  center  of  the  pouches  equi¬ 
distant  from  all  heat  seals.  Delaminated  samples  of  about  1  x  1/2  inches  were  motinted 
dry  between  two  glass  slides  and  observed  at  lOOX  magnification. 

8.  Determination  of  Volatile  Losses 

In  the  extraction  procedures  detailed  above,  any  volatile  fractions  of 
extracted  residues  would  probably  be  evapxjrated  and  lost  during  the  solvent  evaporation 
steps.  Attempts  were  made  in  this  study  to  determine  the  existance  of  volatile  extrac¬ 
tives,  particularly  those  components  that  would  be  lost  at  water  evaporation  temperatures 
or  less. 

A  direct,  gas  chromatographic  approach  was  used  exclusively.  Extraction 
solvents,  sampled  directly  from  the  heat  processed  pouches  ismediately’^  after  extraction 
were  examined  by  gas  chromatography  with  enqjhasis  on  detecting  any  cosponents  not  present 
in  solvent  blanks.  A  hydrogen  flame  ionization  detector  was  used  in  the  gas  chromato¬ 
graph  which  was  capable  of  detecting  volatile  components  of  0.5  ppsr  concentration. 

Heptane  extracts,  laad*  both  at  150°F.  and  250°F. ,  were  examined. 

(a)  Equipment 

1.  An  F&M  Model  810,  dual  column,  dual  hydrogen  flame  detector 


gas  chromatograph. 
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Operatlng  Conditions: 

Column  Temperature: 

Helium  Flow  Rate: 

Hydrogen  Flow  Rate: 

Air  Flow  Rate: 

Attenuation  &  Range: 

Port  Temperature: 

Detector  Temperature: 

Sample  Size: 

2.  Column 

6  X  l/4'‘  OD  Stainless  steel  packed  with  15%  DC  Silicone  550 
on  85%  chrotoosorb  W,  30/60  mesh,  acid  washed. 

3.  Hamilton  Syringe  —  10  micro 11 ter  capacity 
(b)  Method 


80*  C. 

60  ml/mln 
60  ml/mln 
375  ml/mln 
2  X  10 
175“C. 

175 ’C. 

3-5  microliters 


Pouches  were  sampled  by  direct  pouch  puncture  with  the  syringe  and 
withdrawing  a  measured  amount  of  solvent.  This  w;\s  injected  directly  into  the  gas 
chromatograph  previously  set  at  the  conditions  shown. 

Reference  calibration  samples  were  prepared  containing  1,  2  and  5  ppm 
n-pentane  in  the  n-heptane  uied  for  extraction.  Detectability  of  0.5  ppm  n-pentane  was 
easily  obtained. 

C.  Results 

1.  Film  Screening 

Data  showing  the  results  of  initial  film  screening  tests  are  shewn  in 
Tables  I  asd  II.  Chronologically,  all  films  listed  were  tested  before  selection  of 
experimental  samples  except  the  Aclar-Fluorocarbon  and  the  Teflon-Fluorocarbon.  These 
were  included  in  the  study  by  the  selection  team  mentioned  earlier.  Aclar  was  initially 
chosen  but  subsequently  replaced  with  Teflon  idien  Aclar  failed  the  screening  tests  and 
repeatedly  failed  in  processing  trials  detailed  below. 

2.  Heat  Sealing  and  Pouch  Preparation 

Initial  extractions  were  made  at  low  temperatures  and  the  pouch  heat 
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•rallng  first  used  vss  gsnsrslly  sstlsfsctcry  for  thsss  trials.  The  Aclar-Fluorocarbon 
film  pouches  were  an  exception.  They  had  very  weak  seals  which  frequently  ruptured 
during  processing.  All  initial  pouches  were  made  on  the  Robot  Heat  Sealer  using  flat 
sealing  bars.  Optimum  sealing  conditions  were  based  on  tensil  strength  tests  previously 
applied  to  test  seals  made  at  varied  sealing  conditions.  The  optimum  sealing  conditions 
found  in  these  tests  were  as  follows: 

Optimum  Flat  Bar  Sealing  Conditions 


Film 

Jaw  Pressure 
(P3ig) 

.Taw  Temperature 

rF.) 

Dwell  Time 
(seconds) 

Kodar 

15 

475 

3.0 

Rilsan 

50 

450 

1.5 

Lexan 

20 

420 

8.0 

Aclar 

30 

415 

2.0 

Teflon  -  not  sealed  with  flat  bar  sealer 

Heat  seals  made  with  the  flat  sealing  bars  at  these  conditions  were  very 
unsatisfactory^  however,  if  used  on  pouches  in  high  temperature  extractions  (250**?.  or 
above).  At  high  temperature,  the  seals  showed  complete  ruptures,  cracks,  pinhole  leaks- 
or  combinations  of  these  depending  on  the  film  in  question.  Repeated  trials  at  these 
and  other  sealing  conditions  were  generally  unsuccessful.  Repeated  trials  were  also 
made  using  the  impulse  sealer  cited,  especially  on  the  fluoro  carbon  films,  but  these 
were  also  unsuccessful  in  producing  seals  that  would  withstand  high  temperature  extractions. 

At  the  suggestion  of  the  project  officer,  curved  surface  heating  bars  for 
the  bar  sealer  were  made  and  evaluated.  New  sealing  conditions  were  required  for  these 
bars  on  all  films  and  optimum  conditions  found  are  given  in  the  Procedures  Section.  It 
was  found  that  room  temperature  tensil  strength  tests  of  heat  seals  had  little  correla¬ 
tion  with  performance  properties  of  the  pouches  during  high  temperature  extractions  and 
that  empirically  established  sealing  conditions,  evaluated  by  extraction  trials,  were  of 
more  value. 

In  general,  pouch  sealing  with  curved  sealing  bars  was  considerably  more 
reliable  than  with  flat  bars.  The  reliability  was  quite  erratic  with  Kodar-Polyester 
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«nd  T«flon-Fluoroe«rbon  filmi  In  rcpllcnt*  •xtrnctlona  howcvar.  and  aapacially  in  watar 
extractions  nada  above  2S0*F.  These  filos  frequently  and  unpredictably  ruptured  at  the 
heat  seals.  After  repeated  extraction  attempts  ended  In  failure.  Including  trials  vdiere 
solvent  volumes  to  film  surface  ratios  were  varied,  the  problem  was  overcome  by  sealing 
these  pouches  within  Mylar  pouches  that  have  reliable,  high  temperature  resistant  sealing 
properties.  Without  exception,  this  procedure  was  successful  for  all  high  temperature 
extractions  of  these  difficult  to  seal  films. 

In  the  solvent  extraction  portion  of  this  study,  the  biggest  single  enigma 
or  problem  was  obtaining  leak-free  heat  seals  especially  during  high  temperature  extrac¬ 
tions.  All  films  included  In  the  study  are  amenable  to  further  heat  sealing  Investigation. 

3.  Results  of  150*F  Heptane  Extractions 

(a)  Quantitative  Results 

The  complete  results  of  extraction  with  n-heptane  at  150*F.  for  2 
hours  are  presented  in  Table  III.  These  results  show  that  all  film  materials  tested 
gave  residue  levels  considerably  below  the  maximum  acceptable  under  federal  regulations. 

Four  of  the  five  films  tested  were  extiacted  with  n-heptane  at  150°F. 
for  16  hours.  Results  of  these  extractions  are  shown  in  Table  IV.  With  the  exception 
of  the  Lexan-Polycarbonate,  amounts  extracted  in  16  hour  extractions  are  lower  than  for 
2  hour  extractions  (Table  III).  The  significance  of  this  finding  is  not  known.  The 
extractive  levels  in  either  case  are  quite  low,  and  it  is  generally  concluded  from  the 
data  that  the  amount  of  extractives  obtained  at  150“F.  is  not  a  significant  function  of 
time  after  2  hours  extraction. 

(b)  Qualitative  Results 

The  residues  of  150*F.  heptane  extractions  were  examined  by  infrared 
spectrophotometry  to  obtain  information  on  their  chemical  nature.  Results  obtained  are 
given  below.  No  differences  were  observed  in  residues  from  either  2  hour  or  16  hour 
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Rllsan-Polvamlde 


Teflon-Fluorocarbon 


Film  Infrared  Identification 

Kodar-Po lyes ter  Very  weak  spectra  obtained,  ester  groups  Indicated 

Lexan-Polycarbonate  Polymeric,  aromatic  ester  with  both  ortho  and  para 

dlsubstltutlon 

Polymeric  aryl  ester  with  both  ortho  and  para 
dlsubstltutlon 

Insufficient  residue  for  Infrared  Identification 
From  the  generally  known  chemical  composition  of  the  film  materials 
and  the  film  manufacturer's  statements  regarding  the  lack  of  film  additives  in  the  film 
samples,  the  extracted  residues  Identified  were  suspected  as  foil  laminating  adhesives. 
Confirmation  of  this  suspicion  was  obtained  In  additional  infrared  studies  described 
under  high  temperature  extraction  results. 

(c)  Evaluation  of  Recovery 

A  residue  recovery  study  was  made  on  2  film  extractives  to  evaluate 
possible  losses  of  residue  in  glass  evaporation  dishes  versus  platinum  dishes.  Extract 
solvents  from  2  Kodar  samples  and  2  Lexan  samples  (One  sample  is  the  combination  of  4 
pouches  of  each  film.)  extracted  at  150*F.,  were  evaporated  entirely  In  platinum  dishes 
and  results  compared  with  the  normal  procedure  where  glass  containers  are  used  first 
with  subsequent  transfer  to  platinum  dishes.  Results  obtained  are  given  In  Table  V. 

In  another  trial  on  Kodar  extractives  only,  all  evaporation  was  done  In  glass  dishes. 
Here,  final  evaporation  and  drying  was  done  In  a  15  ml  glass  beaker.  The  result  is  also 
given  In  Table  V. 


It  Is  evident  from  the  results  presented  that  the  drying  container 
l3  not  a  limiting  factor  In  residue  recovery  In  the  film  extractives  tested. 

4.  Results  of  Extractions  Made  at  250®F.  and  Higher 

A  general  observation  of  all  extractions  at  250'F.  and  higher  Is  the 
change  In  pouch  appearance.  The  foil  applied  to  the  films  became  discolored  and 
oxidized  appearing  and  was  very  brittle  and  flaking  to  the  touch.  Frequent  delamlna- 
tlon  was  evident.  Without  exception,  all  films  also  became  discolored  during  these 
high  temperature  extractions  becoming  generally  light  tan  to  yellow  In  shade. 
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(•)  Wfttar  Bxtrsctlona 

Rtiulta  of  water  extractlont  performed  «t  250"?.  for  2  hours  are 
shown  In  Table  VI.  It  la  evident  in  the  data  shown  that  extractives  for  all  film  materials 
used  are  significantly  lower  than  the  maximum  acceptable  under  federal  regulations.  Cal¬ 
culated  residues  contributed  by  the  extraction  water  only  greatly  predominate  in  the  Kodar 
and  Lexan  extract  Ives,  and  this  is  confirmed  by  infrared  examination  of  the  residues 
described  below. 

Results  of  water  extractions  of  all  films  at  275“F.  for  2  hours  are 
shown  in  Table  VII.  Comparing  these  results  with  results  obtained  at  250“F.  (Table  VI) 
shows  a  residue  increase  for  all  films  with  increased  extraction  temperature.  The  per¬ 
cent  increase  varies  with  the  different  films  but  residue  levels,  including  the  water 
blank  residues,  are  considerably  lower  than  maximum  levels  allowed. 

(b)  Heptane  Extractions 

Two  hundred  fifty  degree  F.  extractions  for  2  hours  with  n-heptane 
were  made  on  all  films  included  in  the  study.  Results  are  shown  in  Table  VIII.  At  this 
temperature,  extractives  are  shown  considerably  increased  over  standard  extraction  tem¬ 
perature  results  (Table  III).  However,  even  at  these  greatly  accelerated  extraction 
temperatures,  total  resltb.es  obtained  from  3  of  the  4  film?  are  less  than  tolerable 
limits  using  either  solvent  corrected  or  uncorrected  values.  Only  the  uncorrected  Lexan 
film  extract  exceeds  the  50  ppm  residue  concentration  set  by  federal  regulations  and,  as 
presently  amended,  this  uncorrected  residue  value  is  net  used. 

Successful  6  hour  extractions  with  n-heptane  were  made  on  Kodar- 
Polyester  and  Rilsan-Nylon  films.  Results  of  these  extractions  are  also  shown  in 
Table  VIII.  The  data  indicates  that  at  these  extraction  conditions,  total  residue 
levels  are,  in  part,  a  function  of  extraction  time.  The  difference  between  the  2  hour 
anu  8  hour  heptane  extractives  at  250®F,  is  purely  quantitative  however,  for  the  infrared 
examination  of  each,  presented  below.  Indicates  no  qualitative  differences. 

(c)  Infrared  Examination  of  Residues 

1.  Water  Extractives 

The  infrared  spectra  of  250*F.,  water  extracted  residues  from 
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Kodar,  L«x«n  and  Taflon  fllma  wtra  aaaantlally  tha  aasa  aa  for  wacar  blanks.  These 
residues  are  Inorganic  sulfate  salts  of  calcium  and  magnesium.  The  Teflon  residues 
st'ow  a  trace  of  organic  materials  but  their  concentration  was  too  small  for  Identi¬ 
fication.  The  Rllsan  film  extractives  also  contain  these  water  blank  residues  but 
have  identifiable  amounts  of  organic  materials.  Taese  were  again  identified  as  mixed 
ortho  and  para  disubstituted  aryl  esters. 

Infrared  spectra  results  on  275*F.  water  extractions  of  all 
films  were  quite  similar  to  250*’F.  extraction  results.  All  show  predominantly  water 
blank  residues,  but,  in  addition,  the  275*‘F.  residues  of  all  films  show  traces  of 
organic  material.  Except  for  the  Rilsan  extractives,  identification  was  not  possible 
ceyond  the  partial  assignments  as  aryl  esters.  The  Rilsan  residue  spectra  confirms 
the  2S0*F.  extraction  residue  identification. 

2.  Heptane  Extractives 

Yields  from  250*F.  heptane  extractions  were  considerably  larger 
than  at  lower  extraction  temperatures,  and  the  infrared  spectra  of  all  film  residues 
were  easier  to  Interpret.  Also,  legitimate  comparisons  were  possible  between  these 
high  temperature  residue  spectra  and  spectra  on  laminated  films  and  physically  delami¬ 
nated  films  both  by  transmission  and  ATR  methods.  Results  from  these  comparisons 
generally  confirmed  earlier  conclusions  that  heptane  extractives  from  all  four  films 
examined  in  this  study  are  principally  from  the  l£ui)inating  adhesives.  Only  the  L<>xan- 
Polycarbonate  film  residues  show  definite  film-related  extractives  from  these  high 
temperature  extractions.  The  Kodar-Po lyes ter  film  residue  source  may  be  partially 
or  entirely  film-related  since  the  Kodar  film  polymer  and  its  laminating  adhesive 
materials  are  chemically  similar. 

Infrared  identifications  of  high  temperature,  heptane  extracted 
residues  are  given  below: 

Film  Infrared  Identification  of  Extracted  Residue 

Kodar-Po7yester  A  polymer  of  para  disubstituted  aryl  esters  tentatively 

Identified  as  a  co-pol)rmer  of  terephthalic  acid  and 
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Film  Infrared  Identification  of  Extracted  Residue 

Kodar-Polyester  (cont'd)  ethylene  glycol.  It  was  not  possible  to  determine  if 

these  residues  contain  low  molecular  weight  film 
fractions. 

A  mixed  polyester  resin  of  phthalic  and  terephthalic 
acids  and  ethylene  glycol.  The  residues  may  contain 
a  small  amount  of  low  molecular  weight  polycarbonate 
polymer.  Phenol  and/or  bisphenol-A  is  evident  in 
some  spectra. 

A  mixed  polymeric  resin  suspected  as  a  phthalic  and 
terephthalic  acid-ethylene  glycol  co-polymer. 

A  polyester  resin  suspected  as  a  terephthalic  acid- 

ethylene  glycol  co-polymer. 

S.  Microscopic  Examination  of  Extracted  Films 

Results  of  all  microscopic  examinations  are  sumiaarized  in  table  form  below. 

Two  general  statcmeuts  axe  applicable  to  the  results  shown. 

(a)  The  dissolution  of  laminated  foil  with  HCl  or  NaOH  on  three  of  the 
four  films  in.  general  left  the  laminating  adhesives  in  place  on  the  film  and  presumably 
unchanged.  Kodar  delaminations  left  little  observable  adhesives. 

(b)  No  changes  to  the  films  were  observed  by  HCl  delamination  except  for 
the  Rilsan-polyamide  film.  It  apparently  reacts  with  HCl  and  becomes  opaque  white. 
NaOH  delamination  of  Rllsan  had  no  «|}parent  effect  on  the  film. 

Reference  samples  for  all  comparative  examinations  were  unlaminated  samples 
of  each  film  material  that  were  not  heat  processed  in  any  way. 

Lexan-Po ly carbona  te 

Sample  Miscroscopic  Observations 

Unlamlnated  Reference,  no  Clear  film  showi.ig  no  stnictural  pattern  in 

treatment  plane  polarized  light,  blrefringent  in  crossed 


Lexan-Po lycarbonate 


Rllsan-Polyamlde 
(Nylon  11) 

Te  f lon-F luorocarbon 


nicols. 


Lex«n~Polycarbon«te 

(conc'd) 
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Staple  Microscopic  Observations 

Unlaalnated  Reference!  No  observable  change  from  untreated  reference 

HCl  treated 


Laminated  Control  The  film  has  a  structural  pattern  described 

HCl  delaminated,  not  as  rough  or  puckered  and  labeled  as  a  laml- 

extracted  nation  adhesive  structure;  probably  formed 

in  heat  lamination  process.  Laminating 
adhesive  distributed  on  entire  surface  without 
voide  or  open  spaces  but  with  the  roughness 
cited  above.  Film  is  birefringent  in  crossed 
nlcols. 

HCl  Delaminated,  150“F.,  No  apparent  change  from  laminated  control. 

2  hr  heptane  extracted 

HCl  Delaminated,  150* F. ,  No  apparent  change  from  laminated  control. 

16  hour  heptane  extracted 

HCl  Delaminated,  250*F.,  Laminating  adhesive  structure  present  but 

2  hour  heptane  extracted  scattered  cavities  or  depressions  In  the  film 

are  evident  where  the  laminating  adhesive  is 
not  uniformly  distributed.  Birefringence 
effect  in  crossed  nlcols  is  weak. 

HCl  Delaminated,  250*F.,  No  apparent  change  from  laminated  control 

8  hour  heptane,  extraction  (not  extracted  therefore  no  extraction  effects) 
attempt  (not  extracted  *  all 
pouches  ruptured) 


HCl  Delaminated,  2S0*F.,  No  apparent  change  from  laminated  control. 

2  hour  water  extracted 


Kodar-Po lyes ter 


Unlaminated  Reference, 
no  treatment 


Unlaminated  Reference, 
HCl  treated 


Clear  film  showing  no  structural  pattern  In 
plane  polarized  light,  birefringent  In 
crossed  nlcols. 

No  structural  changes  evident,  crossed 
nlcol  birefringent  color  Intensity  somewhat 
less  ttian  untreated  control. 


change  In  structure.  Appears  essentially 
unchanged  from  the  reference  samples,  HCl 
treated. 


HCl  Delaminated,  ISO^F.,  No  apparent  change  from  laminated  control. 

2  hour  heptane  extracted 

HCl  Delaminated,  1S0*F.,  No  apparent  change  from  laminated  control. 

16  hour  heptane  extracted 

HCl  Delaminated,  250*F.,  Some  adhesive  evident  In  spots  or  grouped 

2  hour  heptane  extracted  areas.  Definite  appearance  of  cavities  or 

pits  throughout  film.  Birefringence  changes 
In  crossed  nlcols  are  very  non-dlstlnct 
Indicating  possible  crystal  realignment. 

HCl  Delaminated,  2S0‘’F.,  Appears  exactly  as  250‘F.  2  hour  extract 

8  hour  heptane  extracted  sample. 

HCl  Delaminated,  250*F.,  Appearance  of  many  small  cavities  or  pits 

2  hour  water  extracted  In  groups  or  bundles,  no  evidence  of  adhesives. 

Crossed  nlcol  points  of  extinction  are  normal. 


Rllsan-Nylon  11 


Unlamlnated  Reference, 
no  treatment 


Clear  film  showing  no  structural  pattern  In 
plane  polarized  light;  blrefrlngent  In  crossed 
nlcols. 


Unlamlnated  Reference,  Film  becomes  opaque  with  HCl  treatment. 

HCl  treated 

Unlamlnated  Reference,  No  apparent  change  from  untreated  reference 

NaOH  treated  sample. 

Laminated  Control,  NaOH  Very  thick  adhesive  present,  giving  a  rough, 

delaminated,  not  extracted  matted  structural  pattern  on  the  surface  of 

the  film.  The  film  Is  blrefrlngent  in 
crossed  nlcols. 


NaOH  Delaminated,  heptane  All  samples  not  dlstlngulshably  different 

extracted  at  150*F.,  2  hours,  from  the  laminated  control,  any  changes 

150*F.,  16  hours,  250*F.,  possible  are  masked  from  observation  by  the 

2  hours,  250*F.,  8  hours  thick  adhesive. 


A- 
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Riltan-Nylon  11 

(COQt'd) 


Sample  Microscopic  Obaervations 

NaOH  Delaminated,  250*F.,  General  microscopic  appearance  same  as  the 

2  hour  water  extracted  laminated  control.  This  film  Is  partly 

opaque  and  white.  Indicating  some  change 
takes  place  with  exposure  to  WAtsr  at 
high  temperature. 


Teflon-Fluorocarbon 

Unlamlnated  Reference,  Clear  film  showing  no  structural  pattern  in 

no  treatment  plane  polarized  light,  blrefringent  in 

crossed  nicols. 

Unlamlnated  Reference,  No  observable  changes  from  untreated 

HCl  treated  reference. 

Laminated  Control,  HCl  Smooth  and  transparent  adhesive  distributed 

delaminated,  not  extracted  In  patches  and  shows  no  definite  structural 

pattern.  No  observable  changes  In  film  com¬ 
pared  with  treated  reference  sample. 

HCl  Delaminated,  ISO^F.,  No  observable  change  from  the  laminated 

2  hour  heptane  extracted  control. 

HCl  Delaminated,  250®F.,  No  observable  chenge  from  the  laminated 

2  hour  heptane  extracted  control. 

HCl  Delaminated,  250°F.  Film  is  partially  opaque.  Birefringence 

2  hour  water  extracted  changes  in  crossed  nlnols  indicate  partial 

realignment  of  crystals.  Many  small 
cavities  or  pits  evio-it  throughout  film. 

Tl.ese  microscopic  observations  on  extracted  films  indicate  a  possible 
explanation  for  the  different  amounts  of  extractives  obtained  from  each  film.  Where  large 
amounts  of  extracted  residues  were  obtained  from  a  given  film  relative  to  the  other  three, 
for  example,  a  corresponding  change  in  microscopic  film  appearance  is  also  evident.  Con¬ 
versely,  where  cavities  or  pits  in  the  film  surface  appeared  after  extraction,  the 
extraction  yields  were  relatively  higher.  Films  that  turned  partially  opaque  during 
water  extractions  (Rllsan  and  Teflon)  show  higher  water  extractions  than  films  that  did 


not  become  opaque. 


20 


Sine*  the  BWjor  txtreetlvee  from  ell  fllme  of  this  ecudy  were 
lealnatlng  adhealvee  (See  Infrared  idenelflcatlona  of  extractives. )>  these  materlale 
nust  in  tjmc  way  pass  through  the  films  to  be  extracted.  Structural  changes  In  the 
films  due  to  high  temperature  exposure  is  obviously  one  possible  explanation  for  allow¬ 
ing  migration. 

6.  Volatile  Extractives 

Initial,  direct  gas  chromatographic  examination  of  unevaporated  150'’F. 
heptane  extracts  of  all  film  materials  showed  none  to  contain  detectable  volatile 
components.  Detectable  limits  of  volatiles  were  established  as  0.5  ppm  In  heptane  or 
better  based  on  prepared  reference  standards  of  n-pentane  in  n-heptane.  There  were 
absolutely  no  quantitative  or  qualitative  differences  evident  between  these  film 
extracts  and  solvent  blanks. 

Since  heptane  extracts  of  these  films  made  at  250**?.  gave  the  highest 
total  non-volatile  extractive  levels  of  any  procedure  used  In  this  study,  these  extract 
conditions  were  selected  for  additional  studies  on  the  existence  of  volatile  components. 
The  following  results  were  obtained  on  direct,  GC  examination  of  these  accelerated 
extracts:  ‘ 

(a)  The  Lexan  and  Rllsan  heptane  extracts  contained  no  detectable 
volatile  components  not  common  to  the  solvent  blanks. 

(b)  The  Teflon,  250®F.,  2  hour  heptane  extracts  contained  minor 
contamination.  Four  components  which  elute  from  the  GC  column  before  n-heptane  are 
evident.  Based  on  the  n-pentane  calibration  curve  described,  the  total  contamination 
Is  estimated  at  1  ppm.  The  largest  contaminant  (about  75X  of  the  total  contaminant 
peak  area)  has  the  same  retention  time  as  n-pentane. 

(c)  The  Kodar  250®F.,  2  hour  extract  contained  the  same  four  con¬ 
taminants  as  Teflon,  which  were  not  evident  In  the  solvent  blank.  With  Kodar,  the 
three  minor  peaks  again  are  estimated  at  0.25  ppm.  The  larger  contaminant,  having  the 
retention  time  of  n-pentane.  Is  about  A  ppm  In  the  Kodar  extract. 

It  appears  from  the  above  studies  that  none  of  the  films  Included 
In  this  project  produce  volatile  extractives  In  excess  of  0.5  ppm  of  the  extracting 
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B  lvent  using  standard  extraction  temperatures.  Since  federal  regu.  atlons  on  extractives 
:  ply  that  heptane  Is  an  accelerated  simulated  food  solvent  In  Itself,  the  volatile  extrac- 
:ves  found  In  the  grossly  accelerated  heptane  extractions  (250*F.)  mre  considered  very 
•  lall.  Since  extraction  conditions  required  to  even  produce  detecta :>le  volatiles  are 
greatly  in  excess  of  standard  test  conditions,  no  attempts  were  made  to  Identify  the 
volatiles  observed  In  the  two  film  extracts  where  seen. 

D.  Summary  of  Solvent  Extractions 

1.  Extraction  yields  vary  among  the  four  films  tested  with  both  water  and 
n-heptane  solvents.  Some  films  give  higher  yields  with  water  relative  to  the  other 
films,  others  with  heptane. 

2.  Extraction  yields  from  all  films  are  higher  at  higher  extraction 
tc-mperatures. 

3.  Extraction  yields  are  not  a  function  of  extraction  time  beyond  two  hours 
at.  low  extraction  temperature,  bat  yields  may  be  related  to  time  during  high  temperature 
solvent  extractions. 

4.  Extraction  yields  of  the  four  films  tested  are  all  considerably  less 
than  maxldums  specified  in  Federal  Regulations  even  at  extraction  conditions  In  excess 
of  regulation  procedures.  Therefore,  no  attempt  was  made  to  determine  the  pharmaco¬ 
logical  significance  of  any  residues  found. 

3.  All  extractives  from  foil  laminated  Kodar,  Rilsan  and  Teflon  films  by 
both  solvents  are  from  the  foil  laminating  adhesives. 

6.  Extractives  from  foil  laminated  Lexan  film  are  predominantly  from  the 
Iriminating  adhesives  but  also  show  traces  of  low  molecular  weight  film  fractions. 

7.  All  films  yielding  measurable  residues  by  a  particular  extraction  pro¬ 
cedure  show  microscopic  changes  in  film  structural  patterns  that  may  be  correlated 
with  extraction  yields. 

8.  At  solvent  extraction  tf.mperatures  specified  in  present  regulations, 
no  volatile  extractives  were  evident  from  any  of  the  four  films  tested  (detectable 
limit  -  0.5  ppm).  At  greatly  accelerated  extraction  temperatures  (250*F.),  Teflon 
and  Kodar  film  extracts  showed  traces  (up  to  4  ppm)  of  volatile  contamination. 
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IZZ  KmXCTABLSS  BY  FATS  OR  OZZiS: 

A.  Zntroductlon 

Zn  iddlclon  co  solvent  extrsctlons  of  film  materials  described  previously,  this 
project  Is  concerned  with  the  detection  and  measurement  of  film  extractables  by  fats  that 
have  been  in  contact  with  packaging  films  during  high  temperature,  food  processing  condi¬ 
tions.  The  ultimate  objective  of  this  project  phase  Is  to  determine  the  validity  of  an 
apparent  assumption  In  existing  regulations  regarding  film  extractives.  This  assumption 
Is  that  film  extractions  with  n-heptane  at  150*?.  for  2  hours  result  In  amounts  of  resi¬ 
due  five  times  larger  than  those  obtained  by  extraction  with  oil  for  2  hours  at  250*?. 
This  fixed  ratio  assumption  apparently  has  not  been  fully  Investigated  or  validated  and, 
In  part,  Is  a  subject  of  this  study. 

The  principal  limiting  factor  in  assessing  the  validity  of  the  fixed  ratio 
assumption  Is  the  lack  of  developed  procedures  for  determining  film  extractives  In  fat 
or  oil.  The  development  of  suitable  procedures  for  these  determinations  therefore 
required  the  major  experimental  efforts.  The  general  approach  used  in  this  endeavor 
was  to  evaluate  various  analytical  procedures  for  applicability  to  the  problem  and 
pursue  those  applicable  to  ultimate  methods. 

B.  Evaluations  of  Analytical  Procedures  for  Problem  Applicability 

Evaluations  of  different  procedures  were  made  either  on  fat  extracts  of  the 

various  films  (the  same  four  films  Included  In  the  solvent  extraction  studies)  or  on 
simulated  extracts  prepared  by  adding  heptane  extracted  film  residues  to  the  fat.  Zt  is 
assumed  throughout  this  study  that  film  residues  extracted  by  fat  are  the  same  as  those 
extracted  by  n-heptane.  Fat  extractions  were  made  at  250*F.  or  higher  In  the  manner 
described  for  solvent  extractions.  Both  cottonseed  oil  and  a  hydrogenated  lard  were 
used  In  these  trials.  Where  required,  details  on  specific  samples  and  sample  procedures 
are  given  in  the  description  of  each  method  tried. 

1.  Direct  Spectrophotometrlc  Analysis 
(a)  UV  Scans 

Prior  scanning  of  heptane  extracts  of  all  films  Indicated  absorption 
of  residues  In  the  UV  although  no  specific  absorption  assignments  were  made.  Zt  was 


-23- 


hopad  that  tht  oil  txtractlont  of  thoi*  films  would  sbtorb  strongly  snough  to  bs  dstsctsd 
where  absorption  due  to  oil  was  minloal. 

Cottonseed  oil  extracts  of  Kodar  and  Lexan  pouches  were  made  at  250*F. 
for  2  hours.  A  reference  oil  sample  was  similarly  heat  processed  In  a  glass  bottle  at 
the  same  time  to  serve  as  a  blank.  These  oil  extracts  were  scanned  In  the  UV  region 
using  a  Beckman  DK-2  Spectrophotometer  with  the  reference  oil  as  a  blank.  Similarly, 
heptane  dilutions  of  the  oil  extracts  versus  equally  diluted  blanks  were  scanned.  None 
of  these  analyses  were  successful  because  the  absorption  of  oil  Is  very  high  In  the 
wavelength  regions  of  film  residue  absorption. 

(b)  Infrared  Scanning 

Similar  direct  scanning  of  these  oil  extracts  was  made  In  the  Infrared 
region.  As  expected,  the  spectra  obtained  showed  only  fat  with  no  evidence  of  fllr. 
residues.  Residue  concentrations  were  expected  to  be  too  low  for  detection.  There  was 
some  evidence  of  a  change  In  the  fat  due  to  high  temperature  extraction  but  the  changes 
were  also  evident  in  the  glass  bottle,  processed  blank. 

2.  Steam  Distillation 

Eased  on  the  assumption  that  film  extractives  may  be  separated  from  oil  by 
steam  distillation,  several  attempts  were  made  to  Isolate  extractives  by  variations  In 
this  general  technique.  Both  atmospheric  and  vacuum  steam  distillations  were  tried. 

Initial  oil  extractions  of  Lexan  and  Rllsan  films  (250'’F.  2  hour  extractions) 
were  strongly  suspected  of  containing  film  residues.  Evidence  for  this  was  observed  In 
storage  of  the  oil  extractions.  The  oil  from  several  pouches  of  each  film  was  collected 
together  In  a  single  glass  bottle  following  extraction  and  >}tored  at  0**C.  In  a  cooler 
along  with  a  heat  processed  blank  oil  (processed  In  glass).  The  two  extract  samples 
remained  completely  liquid  for  several  days  at  0*  storage  while  the  blank  oil  began 
crystallizing  after  2-3  hours  In  the  cooler.  These  seunples  showing  this  difference  in 
storage  behavior  that  was  presumed  due  to  extractives  were  used  In  initial  steam  dis¬ 
tillation  residue  recovery  trials. 
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(a)  Atmospheric  Pressure  Steam  Distillations 

An  all  glass  apparatus  was  used  on  the  two  oil  extracts  Just  described. 
This  apparatus  was  a  2-necked  sample  flask  fitted  with  a  steam  Inlet  in  one  neck  and  a 
Dean-Starke  trap  with  a  water  cooled  condenser  In  the  other  neck.  The  open  condenser 
end  was  fitted  to  a  dry-ice  trap  to  ensure  complete  condensation.  The  sample  flask  was 
heated  with  an  electric  mantle.  Steam  was  generated  in  a  second  flask  connected  to  the 
sample  flask  with  glass  tubing.  In  operation,  steam  was  admitted  through  the  fat  extract 
sample  continuously  at  a  rate  of  8-10  ml/mlnute. 

Three  hundred  grams  of  each  oil  extract  and  the  heat  processed  blank 
were  separately  steam  distilled  using  400  ml  of  water  Introduced  as  steam  while  holding 
the  fat  temperature  at  2S0*F.  The  total  condensate  of  each  was  extracted  5  times  with 
50  ml  of  n-heptane.  The  combined  heptane  extracts  and  the  extracted  distillates  were 
then  evaporated  to  dryness  and  weighed.  Infrared  spectra  were  made  on  the  residues  with 
the  following  results: 

Extracted  Distillate  Water 

Sample  Weight  (g)  Infrared  Identification 

Oil  blank  0.00092  Inorganic  salts  (water  residue) 

Lexan  Extract  0.00099  Inorganic  salts  (water  residue) 

Rilsan  Extract  0.00108  Inorganic  salts  (water  residue) 


Heptane  Extracts  of  Distillate 


Oil  blank 

0.00046 

Glyceride  Esters  (fat  carried 
over  with  distillate?) 

Lexan  Extract 

0.00006 

No  spectra  attempteu 

Rilsan  Extract 

0.00228 

Glyceride  Esters  (fat  carried 
over  with  distillate?) 

Trl  on  these  extracts  were  negative  regarding  film  extractive 
recovery  and  no  further  atmospheric  steam  distillations  were  made. 

(b)  Vacuum  Steam  Distillations 

Using  an  apparatus  designed  in  this  laboratory  to  deodorize  shortenings 


after  refining,  a  vacuum  steam  distillation  was  made  on  a  simulated  fat  extract  of  Kodar 
film.  This  apparatus  Is  an  all  glass  system  composed  of  a  mantle  heated  flask  fitted 
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with  «  frltctd  glftst  it*«a  inl«t  cxtanding  to  tha  flask  bottom  and  a  alda  arm  conntctad 
to  a  aarlaa  of  dry  ica  trapii.  Vacuum  was  appliad  to  the  whole  ayatem  at  the  dry  ice 
traps.  Steam  was  introduced  in  small  Increments  through  a  stopcock. 

One  hundred  grams  of  simulated  Kodar  extract  (containing  2.0  mg  hep¬ 
tane  extract  of  Kodar  film  per  100  g  of  heat  processed  blank  oil)  uras  distilled  in  this 
apparatus  at  5  mm  Hg  vacuum  and  with  the  oil  at  140*C.  (284“F.).  Three  hundred  milli¬ 
liters  of  water  were  admitted  to  the  sample  as  steam  and  collected  as  condensate.  As 
before,  the  condensate  was  extracted  five  times  with  50  ml  of  heptane  and  the  combined 
extracts  were  evaporated  along  with  the  extracted  distillate.  The  results  obtained  are 


as  follows: 

Sample 

Residue  Weieht 

Infrared  Identification 

Heptane  Washed  Distillate 

0.00081 

Inorganic  salts  (water  residue) 

polyol  (probably  glycerine) 

Heptane  Wash 

0.00207 

Fat,  no  evidence  of  extractives 

It  was  concluded  from  these  trials  that  film  residues  in  the  oil 
extracts  evaluated  are  not  recoverable  by  either  atmospheric  or  vacuum  steam  oistillation. 
Oil  extracts  of  all  films  were  not  evaluated  by  these  procedures  but  negative  resvtlts  arc 
expected  from  all  based  on  similarities  in  film  residues  by  solvent  extractions. 

3.  Solvent  Extractions 

The  concept  of  separating  film  extractives  from  extraction  fat  by  solvent 
partitioning  or  solvent  extraction  was  explored  using  two  different  solvent  systems. 
Extensive  experimental  trials  were  made  with  one  system  while  basic  evaluation  trials 
were  made  with  the  second.  Each  is  described  separately  below. 

(a)  Dimethylsulfoxide  Extractions 

The  solvent  Dimethylsulfoxide  (DHSO)  readily  dissolves  unsaturated 
organic  compounds  such  as  the  aryl  poly-eaters  of  the  film  extracts.  Moreover,  it  has 
a  low  solubility  for  saturated  hydrocarbons  and  some  heterogeneous  compounds  &uch  as 
fats  or  oils.  Based  on  this  selective  solubility  property,  DMSO  extractions  of  fat 
extracts  of  films  were  tried  as  a  means  to  isolate  the  film  residues  from  the  fat. 
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Tht  proctdure  uced  in  chtae  trials  ia  briafly  as  follows:  The  fat 
(plus  film  axtractiva)  aaaple  is  dissolvad  In  50  ml  of  n-haptane.  This  solution  was 
than  extractad  thras  timas  with  100  ml  of  haptane  saturatad  EKSO  in  a  separatory  funnel 
to  selectively  extract  the  film  residues.  The  combined  EMSO  extracts  were  then  washed 
three  times  with  50  ml  of  neptane  to  remove  any  dissolved  fat,  (Film  extractives  remain 
with  OMSO  because  of  preferential  solubility.)  The  washed  DKSO  extractives  solution  is 
then  diluted  with  1000  ml  of  water  to  reduce  the  film  residue  solubility.  This  aqueous 
solution  was  then  quantitatively  extracted  with  n-heptane  and  the  heptane  extract  washed 
with  water  to  remove  entrapped  EMSO.  The  heptane  extract  was  then  evaporated  to  a  con¬ 
stant  weight. 


Using  this  procedure,  trials  were  made  on  25  and  100  gram  samples  of  a 
cottonseed  oil  extract  of  Rilsan  film  (250“F.,  i  hour  extraction)  and  a  25  gram  sample  of 
heat  ptocesseu  cottonseed  oil  only  (no  extractives).  All  solvent  volumes  in  these  trials 
were  identical.  ^Tie  final  yields  obtained  were  different  between  the  trials  as  shown 
below.  Considerable  differences  were  also  seen  in  the  amounts  of  fat  extracted  by  hep¬ 
tane  from  the  DKSO  sample  extractions.  Apparently,  fat  solubilities  in  EMSO  were 
considerably  different  between  the  trials. 

Sample 

100  g  Rilsan  Extract 
25  g  Rilsan  Extract 
25  g  Oil  Blank 


Final  yields 


tZ.'i  mg 
36.7  mg 
457.0  mg 

Infrared  spectrjl  analyses  of  these  residues  indicated  only  fat  in 
all  samples  with  no  evidence  of  film  extractives.  UV  spectra  on  the  same  samples  indi 
cate  the  possible  presence  of  film  residues  in  the  extract  samples.  UV  absorptions 
were  weak  and  masked  by  fat  absorptions.  UV  quantifications  were  not  possible  because 
of  the  unknown  amounts  of  fat  present. 

Because  of  the  unsaturated  nature  of  cottonseed  oil  fatty  acids,  the 


solubility  of  cottonseed  oil  in  DMSO  was  reasoned  to  be  higher  than  a  less  unsaturated 
fat.  Therefore,  repeat  DMSO  extractions  were  made  using  a  less  unsaturatad  hydrogenated 
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lard  sample.  A  25  gram  lard  blank  (no  extractives)  and  a  simulated  lard  extract  of 
Rllsan  film  containing  5.0  mg  of  heptane  extracted  Rllsan  resldue/25  grams  lard  were 
extracted  with  DMSO  as  described  above.  Yields  from  these  trials  were  again  extremely 
variable.  Evaporated  heptane  washings  of  the  EMSO-Extractive  solutions  also  showed 
considerable  differences  Indicating  variable  EMSO  fat  solubilities  In  the  trials. 

Final  Method  Total  Weight  of  Hep 

Sample  Yields  (rog)  tane  Washes  (mg) 


25  g  Lard  Only  (blank) 

3.9 

176.3 

25  g  Lard  with  Rilsan 
Extractives 

210.6 

510.6 

The  residues  from  these  extraction  t^'isls  had  very  complex  composi¬ 
tions.  By  Infrared  examination, nether  soluble  portion  of  each  (approximately  3/4  of- 
the  total  residue)  was  identified  as  principally  saturated  triglycerides  but  with 
branched  chained  fatty  acid  moieties  not  evident  in  the  parent  lard.  Tbe  infrared 
spectra  of  the  ethyl  ether  Insoluble  portion  of  each  indicated  a  complex  compound 
containing  hydrogen  bonded  sulfoxide  functional  groups.  This  indicates  a  possible 
reaction  between  mSO  and  the  fat  during  extraction  since  the  sulfoxide  groups 
observed  were  chemically  bonded  in  a  manner  different  from  DMSO. 

Because  of  the  extreme  variation  in  yields  by  this  method  and  the 
diverse  chemical  nature  of  the  residues  obtained,  no  further  efforts  in  this  DMSO 
extraction  approach  were  made. 

(b)  Acetone  Partitioning 

Basic  experiments  were  performed  to  evaluate  the  feasibility  of 
partitioning  film  extractives  between  fat  and  aqueous  acetone.  The  basis  of  this 
approach  is  as  follows: 

Fat  (with  extractives)  is  completely  soluble  in  acetone.  If  water 
is  then  added  to  the  solution  with  continual  agitation,  the  oil 
becomes  insoluble  in  the  resulting  acetone-water  solution  and 
separates  out  as  a  second  phase.  If  the  partition  coefficient 


of  the  film  residues  between  acetone-water  and  fat  were 
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favortblci  the  residuee  would  remain  with  the  acetone-water  solution 
as  the  fat  separates.  The  acetone-water  could  then  be  evaporated 
leaving  the  film  residues. 

Assessments  of  the  relative  partitioning  of  fat  and  extractive  resi¬ 
dues  were  made  by  treating  separate  acetone  solutions  of  each  with  water.  It  was  shown 
in  these  trials  that  the  same  amounts  of  water  were  required  to  separate  the  extractives 
of  Kodar,  Rilsan  and  Lexan  films  from  acetone-water  solution  as  were  needed  to  separate 
cottonseed  oil.  The  amount  of  water  needed  was  independent  of  the  beginning  solute  (fat 
and/or  film  residue)  concentration  in  acetone.  It  was  concluded  therefore  that  no  par¬ 
titioning  of  film  extractives  would  occur  between  oil  and  water-acetone  solution.  As 
the  oil  phase  separates  from  the  aqueous  solution,  the  film  residues  would  also  separate 
and  remain  with  the  oil.  The  approach  is  not  applicable  therefore  as  a  separating  or 
concentrating  procedure. 

A.  Nephelometric  Analyses 

Karel  and  Wogen  (2)  reported  some  success  In  measuring  polyester  film 
extractives  by  oils  using  nephelometric  or  turbldometrlc  analyses.  The  basis  of  this 
procedure  is  a  precipitation  of  a  portion  of  the  extractives  from  the  oil  on  adding  an 
ethyl-isopropyl  alcohol  mixture  to  the  oil  followed  by  a  measure  of  turbidity  in  the 
sample. 

Trials  by  this  technique  were  made  on  oil  extracts  of  Kodar,  Rilsan  and 
Lexan  films  (250*F.,  2  hour  extractions).  Samples  of  these  extracts  were  diluted  with 
an  equal  volume  of  heptane  and  mixed  with  ethyl  and  Isopropyl  alcohols.  The  samples  were 
examined  in  a  Pfaltz  and  Bauer  Turbldometer. 

None  of  the  oil  extract  samples  gave  turbldometer  readings  that  were 
different  from  the  oil  blanks.  Apparently,  the  concentrations  of  film  extractives  in 
the  samples  were  too  low  to  give  measurable  turbidity.  As  a  result  of  these  negative 
findings,  this  approach  was  abandoned. 

5.  Freeze  Concentrations 

As  a  means  to  isolate  or  at  least  concentrate  the  film  residues  from  fat, 
a  technique  used  by  McKinley  et  al  for  isolating  pesticide  residues  from  fat  was  tried 


(4) (5) (6) (7).  In  this  freeze  concentretlon  technique,  fat  extracts  are  dlsaolved  In 
Si)lvent  and  the  solution  cooled  to  crystallize  the  fat.  Film  residues  remain  In  solvent 
solution  and  they  are  separated  from  the  fat  crystals  by  filtration.  Residues  are  tub- 
sequently  recovered  from  the  filtrate  by  solvent  evaporation. 

Initial  application  of  this  technique  showed  Immediate  merit  and  extensive 
investigations  on  the  procedure  were  made.  Complete  isolation  of  film  residues  from  fat 
were  never  achieved  but  the  method  proved  very  useful  as  a  residue  concentration  pro¬ 
cedure.  Concentrates  of  residues  so  obtained  were  further  Investigated  by  a  number  of 
procedures  which  are  described  later. 

All  fat  crystallizations  were  done  in  acetone  solutions  at  -70°C.  This 
cooling  was  done  in  Erlenmeyer  flasks  immersed  in  a  dry  ice-methyl  cellosolve  bath. 
Following  crystallization,  the  fats  were  filtered  with  vacuum  in  a  Jacketed  Buchner 
funnel  cooled  to  -70*C.  by  dry  Ice  cooled  methyl  cellosolve  circulating  In  the  jacket. 
Circulating  pumps  and  other  equipment  were  similar  to  those  described  in  Che  references 
cited. 

Crystallized  fats  were  redlssolved  and  recrystallized  to  ensure  complete 
residue  removal.  Filtrates  were  similarly  rccooled  in  efforts  to  recrystallize  and 
remove  any  dissolved  fat.  Sample  sizes,  solvent  volumes,  crystallizing  times  and  tem¬ 
peratures  and  filtering  procedures  were  all  investigated  to  optimize  separation  of 
residues.  The  detailed  procedure  resulting  from  these  efforts  is  summarized  below. 
Essentially,  three  separate  crystallizations  were  used  for  each  sample  which  are  labeled 
(a)  (b)  and  (c). 

(a)  Twenty-five  grams  of  fat  extract  were  dissolved  In  400  ml  of  distilled 
acetone.  This  was  cooled  with  slow  agitation  to  -70®C.  and  held  at  this  temperature  for 
20  minutes.  The  slurry  obtained  was  filtered  with  vacuum  through  Whatman  #42  filter  paper 
in  a  -70"C.  Buchner  funnel.  The  fat  crystals  were  tamped  with  a  -lO^C.  beaker  bottom 

to  aid  removal  of  entrapped  solvent  and  then  washed  with  25  ml  of  -70*C.  acetone.  The 
washes  were  collected  with  the  filtrate.  This  filtrate  was  labeled  number  1. 

(b)  The  crystallized  fat  from  (a)  above  was  carefully  transferred  from 
Che  Buchner  funnel  to  a  clean  Erlenmeyer  flask  and  redissolved  in  300  ml  of  distilled 
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actton*.  Tha  solution  was  sgsin  crystsllissd  at  -70*0.  for  20  nlnutcs,  filtarsd* 
tanped  and  washed  with  25  tsl  cf  -TO'C.  acetone.  This  filtrate  was  labeled  number  2. 
Iks  filter  cake  was  discatded. 

(c)  Flltrat-  number  )  was  recooled  to  *70“C.  for  20  minutes  and  filtered 
in  the  same  manner  as  (a)  and  (b)  using  a  clean  Buchner  funnel.  The  filtrate  was 
collected  in  the  same  flask  as  filtrate  number  2  and  evaporated  together  on  a  steam 
bath.  Final  evaporations  were  made  in  15  ml  glass  beakers  in  a  lOO^C.  oven  for  30 
minutes  before  desiccator  cooling  and  weighing. 

Initial  trials  at  freeze  concentration  were  made  on  samples  of  cottonseed 
oil  only  (with  no  extractives)  and  heptane  extractives  of  two  films  only  (no  fat). 
These  trials  were  made  to  test  the  procedure  for  fat  removal  and  residue  recovery} 
respectively.  The  results  shown  below  were  encouraging  for  both  sample  types.  The 
film  residue  sample  sizes  may  be  much  larger  than  anticipated  from  a  25  gram  fat 


extract  sample,  but  recovery  data  shoitld  be  independent  of  sample  size. 

Freeze  Concentrated 

Sample  Residue  Weight  (grams)  %  Recovery 

25  g  Parent  Cottonseed  Oil  U. 34536  1.38 

0.01306  g  Heptane  Extract  of  Lexan  0.01302  99.79 

0.00432  g  Heptane  Extract  of  Kodar  0.00394  91.20 


The  freeze  concentrated  residue  from  a  cottonseed  oil  extract  of  Lexan 
pouches  (250°F.,  2  hour  extraction)  was  obtained  next  by  this  procedure,  and  it  yielded 
0.25740  grams  of  residue.  Infrared  examinations  of  this  residue  and  the  parent  oil 
residue  above  revealed  the  principal  composition  of  both  was  mixed  mono-  and  diglycerides 
which  are  selectively  separated  from  the  original  glyceride  oils  in  freeze  concentrations. 
This  identification  is  confirmed  in  the  literature  (9).  Probably  because  of  their  low 
concentration,  no  evide.:ce  of  film  residues  were  seen  in  the  extract  sample  spectrum. 

Attempts  were  made  next  therefore,  to  reduce  the  fat  concentration  in  the 
freeze  concentrated  residues  by  improving  the  fat  filtering  efficiency.  Filter  beds  of 
both  carbon  and  cellulose  were  tried  as  fat  retardants  along  with  diatomacaous  earth 
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filter  aids.  Samples  of  cottonseed  oil  and  film  residues  were  used  separately  in  these 
trials.  Results  obtained  showed  no  effect  in  better  oil  removal  with  filter  aids  and 
cellulose  beds  and,  while  carbon  reduced  the  oil  residue,  it  also  absorbed  most  of  the 
film  residues. 

Freeze  concentration  trials  using  longer  freezing  times  and  different 
freezing  temperatures  were  made  next  in  efforts  to  reduce  post-freeze  fat  residue. 
Temperature  variation  efforts  were  specifically  directed  toward  fractionating  the 
oil  into  freezable  and  non-freezable  portions;  the  former  to  be  subsequently  used 
as  a  film  extracting  oil. 

Results  obtained  from  three  triai..  with  cottonseed  oil  usir.g  40,  60  and 
120  minutes  freeze  times  at  -70°C.  showed  no  significant  iugsrovement  in  fat  residue 
reduction  over  20  minute  freezings.  The  results  of  freezing  temperature  variations 
were  similarly  negative.  At  freeze  temperatures  of  -60,  -50  and  -40°.  (for  20  minutes) 
crystallized  fat  yields  were  proportionately  smaller  at  the  warmer  temperatures  than  at 
-70°C.  Redissolving  and  refreezing  these  crystallazed  fats,  however,  revealed  that 
post  freeze  residues  from  each  were  about  equal  to  those  from  the  parent  fat.  was 
concluded  therefore  that  neither  of  these  approaches  was  useful  in  improving  freezing 
efficiencies.  Methods  were  therefore  investigated  to  further  clean  up  the  freeze  concen¬ 
trated  residues  obtained  by  the  standard  procedure  given  previously. 

Column  chromatographic  methods  were  extensively  tried  as  a  clean-up 
procedure.  Both  absorption  and  partition  systems  were  used  with  a  variety  of  solvents 
and  solvent  combinations.  A  summary  of  the  systems  tried  is  tabulated  below.  Samples 
used  in  the  various  trials  included  freeze  concentrated  simulated  fat  extractions 
(heptane  extractives  addec  to  freeze  concentrated  fat  onlv'),  freeze  concentrated  fat 
only  and  film  residues  only.  All  column  eluate  fractions  were  100ml  except  where 


indicated. 
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SUMMARY  OF  COLUMN  CHROMATOGRAPHY  SYSTEMS  USED 


Column 

Solvent  System 

Solvent  Ratios /Fraction  Of  ^  ) 

Silica  gel 

Benzene-Ethyl  Ether 

lOOB,  90B/10EB,  80B/20EE,  lOOEE 

Silica  gel 

Benzeuc-Acetcae 

lOOB,  80B/20A,  50B/50A,  lOOA 

Silicic  acid 

Ben  zene -tice  tone 

lOOB,  80B/20A.  50B/50A,  lOOA 

Silicic  acid 

CH2CI2 -Petroleum  Ether- 
Acetone 

15C/85P,  30C/70P,  50C/50P,  50A/50P, 
lOOA 

Silicic  acid 

CE2Cl2»  Petroleum  Ether- 
Ethyl  Ether 

60C/40P,  70C/30P,  90C/10P,  lOOC, 
90C/10EE,  80C/20EE,  70C/30EE,  60C/ 
40EE,  5C£/50EE,  lOOEE 

Silicic  acid- 
Celite(l) 

Ca2CJ 2-Ethyl  Ether 

98C/2EE,  96C/4EE,  94C/6EE,  92C/8EE, 
90C/10EE,  80C/20EE,  lOOEE 

50  g  Pluorosil^^) 

Hex  ne-Chloroform- 
Ace  :one 

lOOH,  99H/1C,  98H/2C,  95H/5C,  90H/ 
IOC,  80K/20C,  74.5H/25C/0.5A,  74H/ 
25C/U,  73H/25C/2A,  71H/25C/4A, 
67H/25C,  8A,  60H/25C/15A,  20H/50C/ 
30A,  50C/50A 

(1)  Several  triala  by  thin  system  were  made  using  elution  volumes  of  100,  80  and  75 
ml  fraction. 

(2)  Elution  volumes  were  75  ml/fraction.  This  chromatographing  system  was  patterned 
after  Patchett  and  JJatchelder.  (8) 

Results  obtained  from  these  many  column  chromatographic  clean-up  attempts 
were  generally  unsatisfactor;'.  As  previously  mentioned,  the  freeze  concentrated  residues 
of  cottonseed  oil  are  predominantly  monoglycerides  with  some  diglyceri  -es  present.  These 
fats  apparently  have  a  polarity  very  similar  to  the  film  residues  and  complete  column 
chromatographic  separation  of  the  two  were  never  realized  in  any  of  the  trials  made. 
Without  exception,  regardless  of  the  column  system,  any  elution  of  film  residues  were 
accompanied  by  a  fat  elution  and  both  were  eluted  together  as  multiple  fractions. 

Cottonseed  oil  was  replaced  in  freeze-concentration  trials  with  a  hydro¬ 
genated  lard.  Twenty-five  grams  of  this  fat  gave  an  0.037  g  residue  in  freeze  concen¬ 
tration  versus  an  average  yield  of  0.355  g  from  25  grams  of  cottonseed  oil.  This 
favorable,  10  fold  reduction  in  residue  yield  suggested  two  additional  procedures  for 
the  analysis  of  freeze  concentrated  residues. 
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1.  Thin  L«y«r  Chromatography 

Thin  layar  chromatography  trials  ware  made  on  freeze  concentrated  samples 
of  heat  processed  lard  only  (processed  in  a  glass  bottle)  and  the  heptane  extracted 
residues  of  all  four  films.  Silica  Gel  G  plataa»  250  microns  thick,  were  used  with 
a  plate  developing  solvent  of  70  volum  «  of  ethyl  ether,  35  volumes  of  petroleum  ether 
and  0.5  volumes  of  acetic  acid.  Other  solvent  systems  were  also  tried  but  with  lesser 
success.  Thin  layer  chromatography  spot  development  was  by  iodine  vapors  and/or  a 
spray  of  20%  recorcinol  followed  by  4N  H2SO4. 

The  residues  of  all  four  films  showed  nearly  identical  separation  by 
thin  layer  chromatography.  Up  to  nine  components  were  revealed  in  each  film's  residue 
depending  upon  the  amount  of  sample  applied  to  the  plate.  Speculatively,  these  com¬ 
ponents  are  polymeric  resins  of  different  chain  length.  The  separated  fractions  were 
of  varied  concentrations  or  spot  densities  between  the  different  film  residues  but  in 
all  8anq>le  separations,  one  component,  cotoaon  to  all  film  residues,  greatly  predominates 
in  concentration.  With  a  minimum  residue  sample  application  to  the  plate  for  visual 
spot  observations  (20  micrograms),  only  this  one  major  component  is  evident  in  the 
extractive  residue  of  all  films. 

Thin  layer  chromatography  separations  of  heat  processed,  freeze  concentrated, 
lard  only  residues  similarly  show  several  components.  In  general,  the  retention  times 
of  the  fat  components  were  less  Chan  film  residue  components  and  they  advance  faster  on 
the  plate  during  solvent  development.  When  fat  and  film  residues  are  spotted  separately 
on  the  same  plate  and  developed  in  parallel,  the  major  residue  component  mentioned  above 
appears  at  a  different  point  of  advancement  than  any  fat  components.  Simulated  fat 
extracts  (heptane  film  extractives  added  to  fat),  however,  showed  a  different  pattern. 
When  fat  and  residue  ar;  'ombined  in  the  same  plate  spot  and  developed  together,  only 
partial  separation  of  each  is  achieved  and  the  major  residue  component  partly  overlaps 
a  major  fat  component.  There  is  an  apparent  attraction  between  these  fat  and  residue 
components  which  alters  the  retention  times  of  both.  This  same  phenomena  occurs  with 
actual  fat  extract  samples. 
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Slncc  the  filo  reelduee  acparete  Into  a  number  of  components  not  entirely 
resolved  from  fat  components  by  thin  layer  chromatography;  this  method  could  be  adapted 
to  only  seml-quantitative  use  at  best.  The  thin  layer  chromatography  approach  has  an 
obvious  qualitative  use  however  In  examining  fat  extracts  of  pouches  for  residues.  To 
test  this  application,  a  lard  extract  of  Rilsan  film  (275“F.,  2  hour  extraction)  was 
separated  on  a  preparatory  TLC  plate.  The  freeze  concentrated  residue  was  streaked 
across  a  plate  and  developed  in  the  normal  manner.  The  area  of  the  rnsjor  film  component. 
Identified  from  a  parallel  developed  single  Rilsan  residue  spot,  was  scraped  from  the 
plate  and  the  scrapings  extracted  with  acetone.  Theacrrono  was  evaporated  off  from  this 
extract,  and  it  was  rcdissolved  volumetrlcally  in  n-heptane  for  UV  examination.  The  UV 
spectra  showed  the  same  qualitative  absorptions  as  the  heptane  extracted  residue  of 
Lexan  Nut  it  also  showed  the  presence  of  fat.  Since  the  fat  composition  and  concentra¬ 
tion  was  unknown,  quantitative  compensation  was  not  attempted. 

It  was  apparent  from  the  above  trials  that  thin  layer  chromatographic 
analyses  of  freeze  concentrated  residues  could  be  usee  as  a  Qualitative  test  for  film 
residues.  The  method  has  limiting  disadvantages  in  a  quantitative  application  however 
and  therefore  other  systems  were  investigated. 

2.  Quantitative  Infrared  Methods 

Direct  infrared  examinations  of  freeze  concentrated  residijc-s  of  lard 
extracts  in  CS2  solution  showed  evidence  of  film  residues  in  addition  to  lard  residues. 
There  was  sufficient  evidence  to  believe  that  the  residues  could  be  quantitatively 
evaluated  with  calibration  data  and  this  approach  was  subsequently  investigated.  The 
efforts  are  described  in  paragraph  C  below  which  includes  quantitative  results  obtained 
on  the  four  films  of  this  study. 

C.  Quantitative  Measurements  of  Film  Residues  in  Fat 

In  the  method  evaluations  described  in  the  previous  section,  the  combination 
of  freeze  concentration  and  quantitative  infrared  methods  appeared  as  the  most  promising 
techniques  found  for  determining  film  residues  in  fat  extracts.  This  approach  was 
pursued  therefore  in  evaluating  fat  extracts  of  the  four  films  in  this  study.  In  the 
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freete  concentration  experlmenta  deicribed,  it  waa  evident  that  a  bard  fat  waa  preferred 
for  pouch  extractions  to  minimize  poat-freeze  fat  residues.  In  the  efforts  described 
below  tbereforei  the  hydrogenated  lard  reported  previously  was  used  throughout  and  the 
freeze  concentration  technique  described  in  the  previous  section  was  used  without  change. 

All  quantitative  Infrared  evaluations  were  made  on  a  Beckman  lR-4  Spectrophoto¬ 
meter.  From  comparisons  of  spectra  on  freeze  concentrated  fats  and  the  individual  film 
residues  obtained  by  n-heptane  extractions,  the  absorption  band  at  12.05  microns  was 
selected  for  quantitative  analyses.  For  the  film  residues,  this  band  is  the  out  of 
nlane  -CF  deformation  vibration  of  a  para  disubstituted  benzene  ring.  At  this  wave¬ 
length,  freeze  concentrated  fats  also  show  a  small  absorption  and  consequently  the 
absorptivities  of  each  component  were  determined.  All  spectra  were  obtained  in  carbon 
disulfide  solution  in  a  1.005  mm  cell  with  CS2  1°  the  reference  beam.  Band  absorptions 
in  all  samples  were  calculated  from  the  mininum  band  transmission  at  12.05  microns  to 
the  mrxiffium  transmission  between  12.5  and  13.0  microns.  This  technique  was  used  to 
minimize  errors  caused  by  the  CS2  band  at  11.7  microns.  Spectrophotometer  constants 
for  all  infrared  analyses  were  as  follows: 

Single  beam  to  double  beam  ratio:  2:1 

Period:  2  seconds 

Scanning  Speed:  0.5  microns/minute 

Slit  Width:  0.8  nm 

Band  Width  at  12  micron  band:  0.5  microns 

Calibration  samples  for  infrared  analyses  were  prepared  by  adding  serial 
dilutions  of  heptane  extracts  of  films  to  freeze  concentrated  residues  of  a  heat  pro¬ 
cessed  lard  blank.  This  fat  was  heat  processed  in  a  glass  bottle  at  the  same  tioie  as 
fat  extracts  of  pouches  which  are  described  later.  Acetone  was  used  to  add  the  film 
residues  to  the  freeze  concentrated  blank  fat  residues  and  then  evaporated  off. 

Because  of  sample  and  time  limitations,  calibration  samples  were  prepared  with  only 
Lexan  and  Rilsan  film  residues.  Also,  only  two  concentration  levels  for  each  film 
residue  were  prepared.  These  were  considered  sufficient  because  of  the  similarity 
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of  tho  flln  rcilduai  Involved.  Cellbretion  eempla  compoalclone  ere  ahovn  below. 


Sample 

Weight  of  Freeze  Concentr/.ted 
Blank  Fat  (mg) 

Weight  Film 
Residue  Added (mg) 

Calculated 
Residue  T, 

R1 lsan-1 

29.40 

1.21 

3.96 

Rllsan-2 

22.14 

1.34 

5.70 

Lexan-l 

23.10 

0.35 

1.49 

Lexan- 2 

27.48 

0.82 

2.90 

These  calibration  samples,  along  with  samples  of  Rllsan  and  Lexan  film  residues 
only  and  freeze  concentrated  residues  of  blank  fat  only  were  quantitatively  dissolved  In 
CSj  their  spectra  obtained.  From  these  spectra,  absorptivltles  of  fat  and  film 
residues  were  calculated  with  the  following  results. 

Sample  Absorptivity  (liters/^*  cn.) 


Lexan  Film  Residue 

0.90 

Rllsan  Film  Residue 

0.85 

Blank  Fat  (containing  no  extractives) and 

Fat  In  Lexan  Calibration  Samples 

0.020 

Fat  In  Rllsan  Calibration  Samples 

0.005 

It  Is  seen  that  the  film  residues  have  nearly  the  same  absorptivltles  but  that 
there  are  differences  In  the  calculated  fat  absorptivltles  depending  on  the  source  of 
the  fat.  The  fat  In  the  Rllsan  calibration  samples  apparently  changed  on  addition  of 
the  film  residues  to  materially  decrease  Its  absorptivity.  The  observ'.u  values  are 
not  attributed  to  analytical  error  for  additional  data  presented  In  recovery  studies 
described  later  substantiate  their  validity. 

To  evaluate  the  recovery  of  film  residues  in  the  freeze  concentration  procedure, 
heptane  extracted  film  residues  were  added  In  known  concentrations  to  25  gram  samples  of 
heat  processed  lard  only  and  freeze  concentrated  together.  Fouf  samples  were  prepared 
having  the  following  compositions. 


Residue  Added 

Wt  of  Fat  (g) 

Wt  of  Residue  Added  (mg) 

Total  Freeze 
Concentration 
Residue  (mg) 

Residue  X 
Assuming  lOOX 
Recovery 

Rllsan 

A 

25 

1.2 

27.76 

4.3 

Rllsan 

B 

25 

1.8 

26.98 

6.7 

Lexan 

A 

25 

0.8 

24.37 

3.3 

Lexan 

B 

25 

1.2 

24.17 

5.0 
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Thc  frttx*  conctntrxttd  raslduaa  thovs  ware  quantitatively  diaaolvad  In  CS21 
and  their  apectra  obtained.  Film  reaidue  concentrationa  were  calculateo  from  their 
respective  apectra  using  the  fat  and  film  absorptivitiea  determined  previously  in  the 
calibration  samples.  Results  are  shown  below. 


Recovery 

Sample 

Reaidue  Concentration 
in  CS2  Solution 
Assuming  lOOX  Recovery 
(mg/ml) 

Fat  Absorptivity 
(liters/g  cm) 

Measured  Film 
Residue  Concentration 
(mg/ml) 

% 

Yield 

Rllsan  A 

1.25 

0.0005 

1.25 

100 

Rllsan  £ 

1.91 

0.0005 

1.65 

86 

Lexan  A 

0.83 

0.020 

0.82 

99 

Lexan  B 

1.16 

0.020 

1.08 

93 

The  data  show  that  approximately  90  to  100  percent  of  the  film  residues  in  fats 
are  recovered  in  freeze  concentration.  Similar  results  were  obtained  in  earlier  freeze 
concentration  recovery  trials  on  residues  alone  reported  in  the  procedure  evaluation 
section.  No  differences  in  recovery  of  Lexan  and  Rllsan  residues  are  expected  because 
of  their  very  similar  compositions  and  it  is  reasonable  to  conclude  that  the  fat 
absorptivity  of  0.005  liters/gram  cm  used  for  Rllsan  extracts  is  correct  based  on  the 
recovery  results  obtained.  A  Rllsan  residue  recox'ery  of  only  64Z  results  If  the  Lexan 
fat  absorptivity  (0.020  1/g  cm)  is  used  for  the  calculation  which  is  not  consistent  with 
previous  data. 

Hydrogenated  lard  extractions  of  Kodar,  Lexan,  Rllsan  and  Teflon  pouches  were 
made  at  275"C  for  2  hours  in  the  manner  described  for  solvent  extractions.  This  temper¬ 
ature  was  Judged  the  maximum  temperature  compatible  with  the  films  based  on  repeated 
failures  in  extraction  attempts  at  higher  temperatures  (300*F.).  As  in  solvent  extrac¬ 
tions,  a  constant  ratio  of  2  ml  of  extractant  (lard)  per  in^  of  pouch  surface  was  used. 
The  lard  had  a  density  of  0.670.  The  Kodar  and  Teflon  pouches  were  sealed  within  Mylar 
pouches  as  before.  A  lard  sample  was  also  processed  in  a  glass  bottle  at  the  same  time 
to  serve  as  a  blank. 

Twenty  five  gram  samples  of  these  tat  extracts  were  freeze  concentrated  and 
the  total  freeze  concentrated  residue  weights  determined  as  shown  below.  The  variability 
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in  vtlfhti  for  th«t«  and  nil  frttn*  eoncontratod  raslduaa  raportad  la  dua  primarily  to 
fat  yiald  diffarancaa  in  fraaac  concantration. 

Film  Extract  Freaze  Concentration  Residue  Weights 

(grams) 

Kodar  0.03553 

Lexan  0.04878 

Rll8ai\  0.03384 

Teflon  0.02796 

These  freeze  concentrated  rcslduee  were  quantitatively  dissolved  in  CS^  and 
their  respective  spv^ctra  obtained.  The  spectra  of  all  samples  showed  an  absorption 
band  at  12.5  microns  which  was  not  present  in  any  previous  spectra  including  that  of 
the  heat  processed  fat  blank.  This  indicates  a  probable  change  in  the  fat  during  pouch 
extraction  which  is  associated  with  the  films  and  confirms  previously  described  obser¬ 
vations  on  fat  modifications  during  extraction.  It  is  not  known  if  the  fat  absorptivity 
- z  the  12  micron  band  is  also  changed. 

Film  Extract  *  Absorptivity  (1/g  cm) 


Kodar  0.013 

Lexan  0.018 

Rilsan  0.022 

Teflon  0.013 

Using  the  equation 

^  ^  *R^R  tne  film  residue  concentrations  in 

these  fa(  extraction  samples  ./ere  calculated.  In  the  equation,  A  is  the  absorption 
per  unit  cell  length,  a^  and  a^^  are  the  absorptivities  of  fat  and  film  residue 
respective!  and  Cp  and  are  their  corresponding  concentrations.  For  the  absorp¬ 
tivities  of  Kodar  .and  Te'ion  film  residues,  a  value  of  twice  the  Lexan  and  Rilsan  value 
was  taken  assuming  the  para  disubstitution  of  these  film  residues  is  two  times  that  of 
the  Jexan  and  Rilsan  residues.  This  assumption  is  based  on  the  infrared  identifications 
of  heptane  extracted  residues  discussed  previously. 


39 


CilcultCloni  of  til  rttldut  concantratlona  wtrt  made  ualng  all  fat  abaorptlvlty 
values  obtained  In  the  calibration  data.  Therefore,  both  0.020  and  0.005  1/g  cm  values 
obtained  from  the  Lexan  and  Rllsan  calibration  samples  respectively  were  used  for  all 
samples.  In  addition,  a  fat  absorptivity  value  of  0.013  1/g  cm  was  Included.  This  value 
Is  obtained  from  the  Kodar  and  Teflon  extract  sample  absorptivity  If  one  assumes  that 
these  extracts  contain  no  film  residues.  Results  shown  therefore  Include  a  range  of 
residue  levels  possible  based  on  all  experimental  data. 


Measured  Milligrams  of 

Film  Resldue/25 

g  Fat  Extract 

Film 

Fat  Absorptivity 

0.020 

0.013 

0.005 

Kodar 

0 

0 

0.12 

Lexan 

0 

0.23 

0.58 

Rllsan 

0.07 

0.25 

0.45 

Teflon 

0 

0 

0.09 

It  has  been  shown  earlier  that  the  fats  In  calibration  samples  with  residues  of 
different  films  have  different  absorptivity  values.  Also,  as  previously  mentioned,  the 
fats  of  all  the  film  extract  samples  were  seen  to  be  chemically  different  than  both 
calibration  samples  and  blank  fat  samples  at  least  In  the  12.5  micron  region.  It  Is  not 
known  what  changes,  If  any,  have  occurred  In  the  fat  absorptions  of  these  extract  samples 
In  the  12.05  micron  band.  If  one  assumes  however,  the:  Ihc  minimum  fat  absorptivity 
observed  at  12.05  microns  In  the  calibration  samples  similarly  occurred  In  all  fat 
extract  samples,  then  the  maximum  film  residue  concentration  is  obtained.  Therefore,  the 
residue  concentration  results  above,  obtained  with  the  0.005  1/g  cm  absorptivity  value 
for  fat,  are  considered  the  maximum  film  residues  possible  In  the  samples  analyzed. 

These  results  were  recalculated  in  the  units  of  concentration  used  to  express 
extractives  In  the  previous  section  on  solvent  extractions.  These  units  are  mg  of 
extractives  per  square  Inch  of  exposed  film  surface  and  ppm  of  extractives  In  the  extrac* 
tant  as  shown  below. 


Film 

Maximum  Extractables 

2 

(mg/ln  ) 

Maximum  ppm  in  Extracting  Fat 

Kodar 

0.0083 

4,7 

Lexan 

0.0403 

23.3 

Rllsan 

0.0312 

18.0 

Teflon 

0.0063 

3.6 

▼ 
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Ta-'  .'Atio  of  heptane  extrecteblea  at  1S0*F  to  fat  extractcblee  at  275*F  were 
calculated  from  theae  reaulta.  Heptane  extractablea  are  ahown  in  Table  III* 


Film 

Ratio  of  Heptane  Extractables  at  150* F  to  Fat 
Extractables  at  215*^.* 

Kodar 

0.289 

Lexan 

0.101 

Rllsan 

0.127 

Teflon 

0.468 

D.  Suomary  of  Fat  Extraction  Analyses 

Several  analytical  procedures  were  evaluated  to  determine  film  residues  in  high 
temperature  fat  extracts  of  the  films.  A  combination  of  film  residue  concentration  by 
freezing  out  the  extracting  fat  and  quantitative  Infrared  analyses  of  the  concentrates 
showed  the  most  promise  as  a  workable  method.  These  techniques  were  applied  to  high 
temperature  fat  extracts  of  the  four  films  of  this  study  with  the  following  general 
results: 

1.  Freeze  concentrations  of  film  residues  from  fat  extracts  or  simulated  fat 
extracts  give  approximately  99.887:  removal  of  fat  and  90-1007.  recovery  of  film  residues. 

2.  Fats  remaining  with  film  residues  after  freeze  concencration  are  varied  in 
composition  according  to  their  previouc  processing  and/or  associations  with  film  residues. 

3.  Quantitative  Infrared  analyses  were  made  jsing  the  12.05  micron  absorption 
band  of  the  film  residues.  Since  freeze  concentrated  fat  residues  also  absorp  at  this 
wavelength,  analyses  were  made  by  determining  the  absorptivities  of  both  fat  and  film 
residues  in  calibration  samples  and  applying  these  values  to  extract  samples. 

4.  Fat  absorptivities  at  12.05  microns  were  found  to  vary  between  freeze 
concentiated  calibration  samples  containing  different  film  residues.  Similarly,  the  fat 

*  Fat  extractables  are  the  maximum  possible  amounts  in  the  sample  extracts  analyzed. 
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sbiorptivltiet  of  freose  conceotrated  film  axtracts  were  euepected  of  differing  from  both 
callbratiot'  end  blank  fat  reaiduaa.  Extract  aaopla  fata  are  known  to  be  dlffarant  from 
non-extract  fata. 

5.  Becauae  of  obaerved  varlationa  In  Infrared  fat  abaorptivltlea  among  the 
varloua  aamplea  analysedi  fllsa  realdue  concentratlooa  ir.  the  extract  aamplea  were  alao 
uncertain  up  to  a  maxlnun  possible  concentration  level.  For  comparisons  with  heptane 
extraction  results  therefore,  film  residue  concentrations  in  unknown  fat  extract  samples 
were  calculated  on  the  conservative,  maxlraum  possible  film  residue  basis. 

E.  C-inclusions 

From  results  obtained,  it  appears  that  the  ratio  cf  heptane  extractables  at 
150®F.  to  fat  extractables  at  275*F.  varies  from  film  material  to  film  material  and  is 
not  fixed.  Moreover,  in  the  films  examined,  the  ratio  is  considerably  less  than  the  5:1 
value  expressed  in  paragraph  121.2514  specif  ttions.  At  high  temperatures,  film  residues 
are  extracted  in  greater  amounts  by  fat  than  by  heptane  at  150*F.  indicating  that  film 
extraction  is  a  function  of  temperature  to  a  substantial  degree  and  perhaps  a  lesser 
function  of  the  extracting  solvent. 


-42- 


IV.  SUOGPtTXOIft  FOR  FUTUU  USIAICR: 

In  t'h«  prcfwt  project,  the  ao-celled  fll»  reeidues  extracted,  were  Identified 
principally  aa  laainacing  adheaivea  which  aigrate  through  or  permeate  the  filma.  An 
exception  waa  the  Lexan-polycarbocate  reaiduea  which  ahowed  traces  of  film  degradation 
products.  Reaulta  obtained  in  this  atudy  therefore,  generally  repreaent  .idheaive  migration 
through  the  films  during  extraction  and  do  not  reveal  aignlficant  differences  in  the 
stabilities  of  the  filma  themselves.  Ail  films  studied  appear  to  have  excellent  thermal 
stability  with  regard  to  extractable  breakdown  products. 

Assuming  foil  laminations  of  these  films  are  required  for  food  packaging  uses, 
further  studies  in  laminating  adhesive  migrations  may  be  desired.  Parameters  of  study 
should  include  adhesive  migration  dependence  on 

(a)  Film  thickness 

(b)  Film  density 

(c)  Type  and  amount  of  adhesive  used 

Additional  studies  on  the  mechanism  of  migration  would  be  needed  also  for  simple  film 
perm.ation  may  not  be  indicated. 

The  four  film  materials  Investigated  in  this  project  indicate  excellent  potential 
application  as  food  packaging  materials  from  a  film  residue  migration  standpoint.  Before 
their  application  to  routine  food  processing  use  hov'ever,  additional  d  velopment  is  required 
to  obtain  pouch  sealing  reliability.  Sealing  methods  or  general  pouch  manu'  ring  tech¬ 
niques  which  give  stable  pouches  for  high  temperature  processing  are  definitely  required. 

In  this  study,  the  Kodar  and  Teflon  film  pouches  were  considerably  less  reliable  Chan  the 
Liixan  and  Rilsan  pouches,  but  all  are  'imenable  to  additional  studies  oc  sealing  requirements. 


•  jniJtdw*! 
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TABLE  I.  RESULTS  OF  SCREENING  TESTS  ON  LAMINATED  FIIMS 
IMMERSION  IN  300*F.  VEGETABLE  OIL  BATH 


Sample 

1.  Mllprlnt  Polypropylene  (inside) 

Mylar  (outside) 

2.  Dow  1302  Polyvinyl  (inside) 

Unknown  (outside) 

3.  General  Electric  Lexan  Polycarbonate 

4.  Schjeldahl  Capron  Nylon 

5.  May  Industries  Rllsan-Nylon  11 

6.  Dow  Mylar  (outside) 

Polyethylene  (inside) 

7.  Dow  Polyethylene  (inside) 

"Aquatuf"  (outside) 

8.  Kodak  Kodar  Polyester 

9.  Allied  Aclar-Fluorocarbon 
10,  Dupont  Teflon  Fluorocarbon 


Observations  After  Heating 
Crumbling,  dissolution  and  delamination 
No  apparent  change 
Discoloration  to  nearly  black 
Delaminated 
No  apparent  change 
No  apparent  change 
No  apparent  change 
No  apparent  change 
Melted,  delaminated 
Evolved  gas,  delaminated 
Blistered,  discolored,  delaminated 
No  apparent  change 
Cracked,  split,  discolored  tan 
No  apparent  change 
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TABLB  IZ.  RSSULTS  OF  8CSZKM1MC  TESTS  ON  LAMINATED  FOILS 
SUSPENSION  IN  300*F.  DRY  OVEN  FOR  20  MINUTES 


Sample 

1.  Hllprlnt  Polypropylene  (Inside) 

Mylar  (outside) 

2.  Dow  1302  Polyvinyl  (inside) 

Unknown  (outside) 

3.  General  Electric  Lexan  Polycarbonate 

4.  Schjeldahl  Capron  Nylon 

5.  May  Industries  Rllsan-Nylon  11 

6.  Dow  Mylar  (outside) 

Polyethylene  (inside) 

7.  Dow  Polyethylene  (Inside) 

"Aquatuf"  (outside) 

8.  Kodak  Kodar  Polyester 

9.  Allied  Aclar-Fluorocarbon 

10.  EXipont  Teflon  Fluorocarbon 


Observations  After  Heating 
Became  brittle,  roughened,  delaminated 
No  apparent  change 
Brown  discoloration 
No  apparent  change 
No  apparent  change 
No  apparent  change 
No  apparent  change 
No  apparent  change 
Curled  and  fused 
Curled  and  fused 
Curled  and  fused 
No  apparent  change 
Became  brittle 
No  apparent  change 
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TABU  ZIZ.  USUITS  OF  EXntACTZOHS  WZTH  a-HB?tAMX  FOR  2  HOURS  AT  1S0*F.^^^ 


Film 

Number 

Samples 

Extractahles 

(mg/ln^) 

Averaae  Ranae 

ppm  in  solvent 
at  2  ml/in^ 

Corrected  Values^^^ 
Extractives 
_ (mg/in2)_  ppm 

Aclar-Fluorocarbon 

8 

0.00255 

0.00210 

1.865 

0.00051 

0.373 

Kodar-Po lyes  ter 

4 

0.00240 

0.00060 

1.745 

0.00048 

0.349 

Lexan-Poly carbonate 

4 

0.00405 

0.00070 

3.035 

0.00085 

0.607 

Rilsan-Nylon  11 

4 

0.00395 

0.00120 

2.870 

0.00079 

0.514 

Tef ion-Fluorocarbon 

4 

0.00295 

0.00075 

2.195 

0.00059 

0.439 

(1)  Uncorrected  for 

solvent  blank. 

Solvent 

blank  •  0.6 

mg/liter.  Average  sample  contained 

350  ml  heptane. 

(2)  A  sample  represents  the  combined  extractions  of  four  pouches. 

(3)  Correction  applied  to  heptane  extracts  as  presented  in  admendment  published  in  the 
Federal  Register,  February  10,  1962,  27  F.R.,  1252,  Paragraph  121.2514,  Section  E, 
Subparagraph  5. 

TABLE  IV.  RESULTS  OF  EXTRACTIONS  WITH  n-HEPTANE  FOR  16  HOURS  AT  150"F,(1) 


Number 

Extractahles 

(mg/in^) 

Averaae  Range 

Corrected  Va 

lues^^^ 

Film 

(21 

Samples'  ' 

ppm  in  solvent 
at  2  ml/in^ 

Extractives 

(mg/in^) 

ppm 

Aclar-Fluorocarbon 

4 

0.00215 

0.00170 

1.375 

0.00043 

0.275 

Kodar-Polyester 

4 

0,00165 

0.00052 

1.035 

0.00033 

0.207 

Lexan -Polycarbonate 

4 

0,00465 

0.00074 

3.525 

0.00093 

0.705 

Rilsan-Nylon  11 

4 

0.00135 

0.00018 

0.990 

0.00027 

0.198 

Teflon-Fluorocarbon  Not  extracted 

(1)  Uncorrected  for  solvent  blank.  Solvent  blank  >•  0.6  mg/liter.  Average  sample  contained 
350  ml  heptane. 

(2)  A  sample  represents  the  combined  extractions  of  four  pouches. 

(3)  Correction  applied  to  heptane  extracts  as  presented  in  amendment  published  in  the 
Federal  Register.  February  10,  1962,  27  F.R.,  1252,  Paragraph  121.2514,  Section  E., 
Subparagraph  5. 
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TABU  V.  C0KPAKZ80N  OF  U8ZOUI  UCOVIRY  PIOCIDUU8  USING  DZFFSUNT 


NITBOOS 

Ft  la 

or  80LVINT  IVAPORATZON  (150*?.  IXTUCTIONI, 

Total  Residue  (ag/ln^) 

,  2  KOUM) 

Procedure 

All  Platinum 

All  Glass 

Method 

Evaporation 

Evaporatloi 

Kodar  Replicates 

0.00056 

0.00052 

0.00044 

0.00044 

0.00057 

0.00037 

0.00046 

0.00044 

Lexan  Replicates 

0.00086 

0.00097 

0.00076 

0.00081 

0.00086 

0.00090 


TABLE  VI.  RESULTS  OP  EXTRACTIONS  WITH  WATER  AT  250*F.  FOR  2  HOURS 
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{2)  Extracted  by  eeallng  within  a  Mylar  overwrap  pouch. 
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TABLB  VZX.  U3ULT8  Of  EXTKACTZONS  WITH  WATER  AT  275*F.  TOR  2  HOURS 

(UMCORRECTED  FOR  SOLVENT  BLANK) 


Film 

Number  of 
Samples C^) 

Extractable! 

Averase 

Range 

ppm  in  Solvent  at  2  ml/in' 

Kodar<2) 

Polyester 

4 

0.0091 

0.0013 

4.52 

Lexan 

Polycarbonate 

7 

0.0094 

0.0024 

4.73 

Rilsan 

Nylon  11 

6 

0.0669 

0.0115 

33.46 

Teflon^^) 

Fluorocarbon 

2 

0.0104 

0.0005 

5.18 

(1)  A  sample  represents  the  combined  extractions  of  four  pouches. 

(2)  Extracted  by  sealing  within  a  Mylar  overwrap  pouch. 
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TABLE  VIII.  RESULTS  GP  EXTRACTIONS  WITL  n*HEFTANE  AT  250* F  FOR 

2  HOURS  ANO  S  HOURS^^) 


2  Hour  Extractions 


Extractables  Corrected  Values 


Film 

lumber  of 
Samples*^^ 

Average 

^ _ 

Range 

ppm 

at 

in  Solvent 

2  ml/in^ 

Extractives 

ppm 

Kodar- 

Polyester 

8 

0.03605 

0.01250 

26.485 

0.00721 

5.297 

Lexan- 

Polycarbcuat 

0  12 

0.11255 

0.03200 

82.545 

0.02251 

16.509 

Rilsan- 
Nylon  11 

6 

0.03465 

0.01150 

25.405 

0.00693 

5.081 

Teflon- 

Fluorocarbon 

12 

0.00330 

0.00205 

2.470 

0.00066 

0.494 

8  Hour  Extractions 

Kcdar- 

Polyester  4 

0.03840 

0.0100 

28.450 

0.00768 

5.690 

Rilsan- 
Kylon  11 

4 

0.04650 

0.01000 

33.220 

0.00930 

6.644 

(1)  Results 

uncorrected  for  Solvent  blank. 

Solvent  blank  « 

0.6  mg/liter. 

Average  Lexan  and  Rllsan  samples  contained  330  ml. 
Average  Kodar  and  Teflon  samples  contained  230  ml. 


(2)  A  sample  represents  the  cumbired  extracts  of  4  pouches. 

(3)  Correction  applied  to  heptane  extracts  as  presented  in  the  amendment  published 
in  the  Federal  Register,  Februery  10.  1962,  27  F.R. ,  1252,  Paragraph  121.2514, 
Section  e.  Subparagraph  5. 
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